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PLANNING FOR A SUSTAINABLE FUTURE: RETHINKING THE ROLE OF BICYCLE PARKING AT
WESTERN MICHIGAN UNIVERSITY

Gregory J. Carlton, M.S.
Western Michigan University, 2019

Sustainable transportation planning focuses on addressing the needs of current users,
without jeopardizing the needs of future users (Black 1997, Richardson 1999, Balsas 2003). A
popular mode of sustainable transportation is the bicycle, which is frequently used by college
students. One aspect of bicycle transportation that remains underexplored within the United
States and on university campuses, is bicycle parking. By using rack conditioning assessments,
bicycle theft density analysis, bicycle parking counts and a formative stakeholder survey of the
bicycle parking at Western Michigan University’s campus, recommendations were able to be
created for campus officials for use in their planning efforts. This study established a
relationship between bicycle rack type and condition grade, determined that bicycle theft most
densely occurs in campus residential neighborhoods, and found that bicycle parking use
decreases as the seasons change. Results from this study may also be useful for researchers
who are researching bicycle parking at other universities, and in countries where cycling culture
is still developing such as the United States.
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CHAPTER I

INTRODUCTION

Sustainable transportation systems focus on addressing the current needs of transit
users, without jeopardizing the abilities of future generations to meet their own needs (Black
1997, Richardson 1999, Balsas 2003). One popular mode of sustainable transportation within
the United States, especially at university campuses, is the bicycle. Bicycles, relative to
automobiles, have been found to have substantially larger personal health benefits for
transportation users (de Hartog et al. 2010). It is believed that the wider use of bicycles might
also have environmental, health and economic benefits for society (de Hartog et al. 2010,
Flusche 2012). These attributes make bicycles a popular choice within many sustainable
transportation systems.
Universities across the United States have been making strides to improve their bicycle
transportation systems and “de-market” automobile use over the past few decades, as part of
their wider alternative transportation development efforts (Balsas 2003). Every year, dozens of
universities win recognition for their efforts through the League of American Bicyclists “Bicycle
Friendly University” program. Currently, a total of 193 American universities have been
honored by the league for their efforts (Bicycle Friendly University 2018). An important
criterion needed to receive this award is the presence of well-designed bicycle parking. As a
topic of academic study, bicycle parking is overlooked, but its importance should not be
diminished. Appropriately designed bicycle parking facilities can help to reduce the risk of theft,
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prevent damage to bicycles, and encourage the use of bicycle transportation (Anderson et al
2010). Well-designed bicycle parking may also help to discourage bicycle vagrancy and prevent
non-sustainable “throwaway” cultures that encourage people to purchase cheap bicycles and
abandon them due to a lack of dedicated infrastructure (Larsen 2017).
Western Michigan University (WMU), a mid-sized state university located in Kalamazoo,
Michigan has made a concerted effort to improve campus sustainability over the past decade.
The university was named as one of the five best campuses for electric cars in 2014 and was
named as the thirteenth most affordable eco-friendly university in the country during the same
period (Gordon-Bloomfield 2014, Roland 2014). When it comes to bicycle parking, however,
Western Michigan University lags behind many of its peers. I conducted an inventory of campus
bicycle parking racks and found that 95 out of the 137 bicycle racks on campus failed to meet
industry standard design recommendations, and that many bicycle racks also failed to meet site
design guidelines. In order to make Western Michigan University a more sustainable institution,
one that fulfills the needs of current transportation users while also planning for future
generations of users, a plan for replacing this infrastructure needs to be created. Currently, no
such plan is in place. Bicycle parking planning is also made more difficult by a lack of research
on the topic, especially within the United States. The majority of research pertaining to bicycle
parking is derived from the work of the Association of Pedestrian and Bicycle Professionals
(APBP), and from articles written in high cycling context cultures in Europe and Asia. There has
been only a very minimal level of study of university bicycle parking by researchers, and more
work is needed within this area.

2

The purpose of this research is to contribute to the limited scholarly discussion on
bicycle parking by creating an empirically grounded set of planning recommendations that can
also help to alleviate the bicycle parking problem at Western Michigan University’s campus. To
that end, this paper will employ bicycle rack conditioning assessments, theft analysis, parking
counts, and early stage survey work to investigate the bicycle parking situation on campus.
Using the observations gleaned from this methodology, and findings from the wider research
record, planning recommendations will be created. These planning recommendations can be
used to improve and enhance the university campus.
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CHAPTER II
LITERATURE REVIEW
This literature review is organized into two sections. The first section provides an
overview of bicycle parking within the wider academic record. The second section focuses on
research that is relevant to the methodology of this study. This review begins by providing a
brief contextual history of bicycle research in the United States, before focusing more narrowly
on general trends in bicycle parking research. After providing a general history, it details bicycle
parking in the university setting and describes some basic theories of bicycle site layout and
element design. The methodological review focuses on three areas; conditioning, theft, and
bicycle rack counts. It is my hope that that this literature review provides a substantive
overview of bicycle parking in the United States.

Bicycle Parking and Planning
Bicycle Planning in the United States
The first primitive bicycles, in the form of the velocipede arrived in the United States in
1819, but it took almost 70 years for bicycles to become a predominant fixture of American
society (Friss 2015, Friss 2019). It was in the 1890s that the United States experienced what is
recognized today as a bicycle “boom” (Friss 2015). Depictions of cycling during this period paint
the transportation mode as being egalitarian, open to most classes of society, and
transportation centric. A famous period description of cycling published in the 1895 edition of
the Scientific American, describes the cycling culture of the day in this way:
4

Wherever one travels in the country, whether near or far from the center of population,
the omnipresent bicycle is found. On country roads the woman school teacher is met
riding home from the district school; in manufacturing places the artisan is seen,
perhaps dressed in his overalls and carrying his dinner can, going on his wheel on his
way to and from his work. In road houses and in some stores special provision is made
for the care of bicycles. Men go to their business on them, and it is at last proved that a
new mode of everyday, practical locomotion has been developed (Scientific American
Vol. 72, pg. 354).

This short period where cycling was a dominant mode of American transportation did
not last for long. With the rise of the automobile in the early 1900s, cycling rapidly began to
decline in popularity. Cyclists had their right to use American roadways questioned, and faced
acrimony from the motor lobby (Reid 2015). Sociologist Sidney Aronson makes a claim in his
article, “The Sociology of the Bicycle” that early bicycle riding created laws and practices that
were later bequeathed to the automobile (Aronson 1952). His sentiment is one that has been
echoed by many other scholars. It is increasingly accepted that bicycles served as a predecessor
to automobiles (Trescott 1976; Hugill 1982).
From the turn of 20th century through the early 1960s, bicycles assumed the role of a
“play toy” for children and adult recreationists. When source material from this era is
compared to the 1895 article published in the Scientific American, a much different portrait of
bicycle usage becomes apparent. A 1938 advocacy piece in The Rotarian, for instance, describes
bicycles as an object that “Junior and Sister hoped to find on their Christmas tree”, and also as a
“handy piece on which to register a kick” (Eskew 1938, 34-36). Another period piece in The
Youth’s Companion refers to bicycles as an item that “parents look upon as an expensive toy”,
and as a good “preparatory school” for teaching children about automobiles (The Youth’s
5

Companion 1920, 298). As bicycling declined, so too did its relevance to planners and policy
makers. An article from 1939 states that highway commissions were failing to consider cyclists
in their roadway planning efforts, while another 1938 article from Kalamazoo, Michigan, notes
that bicycling had become so unsafe that local leaders had to take the drastic measures to
prohibit students from riding their bicycles to school (Moorhead and Allen 1939; Annable
1938). The long-term sociological impacts of this period have not been thoroughly studied, but
there is reason to believe that some lingering notions of cycling as a toy may still be present in
the contemporary era.
The 1960s ushered in a period of change within American cycling culture. Even after
cycling declined in the early 20th century, it is clear that young people still used bicycles to some
degree. This use became pronounced in the 1960s when bicycles took on a whole new vogue in
American youth culture. A large portion of this shift can be attributed to Schwinn, a popular
American bicycle manufacturer during the time. Schwinn differentiated itself from other
manufacturers in the 1930s by offering “balloon tire” bicycles to the American consumer
instead of the cheaper mass-produced designs of the day (Petty 2007). In time Schwinn grew,
using a unique system of independent dealers and targeted marketing efforts to sell its
products (Petty 2007). By the 1960s, Schwinn was is a position to design bicycles that would
come to define the start of a new era in American cycling. One of these designs was the
Stingray, a high-rise handle bar bicycle modeled after heavily modified “pig bikes” found in
Orange County, California (Petty 2007). The second was the Varsity series, an 8-speed bicycle
that outsold all other derailleur models in the U.S. combined during its heyday (Petty 2007).
These bicycles took hold of the burgeoning teenage baby boomer population of the era, with
6

the Stingray acting as a natural segue for bicycles such as the Varsity series (Reid 2017, 130).
The excitement surrounding these bicycles transitioned into the next decade, and bicycles once
again became an important fixture in American society.
Starting in the 1970s, government officials and private citizens began to take a renewed
interest in bicycle transportation as a result of emerging environmental concerns and a
newfound focus on public health (Willey, Miller and Papacostas 1991, 391-392). Researchers
during this period confirm that prior to its re-emergence, the bicycle had earned a less than
stellar reputation in American society. Economist Charles F. Floyd, writing for a 1977 issue of
Traffic Quarterly, makes the claim that bicycles were considered as a “child’s toy” prior to their
re-emergence and lacked the status of a serious transportation method (Floyd 1977, 408-09). In
1969, on the cusp of cycling’s re-emergence as a transportation option, only 12% of bicycles
were sold for adult use (Dougherty and Lawrence 1974). By 1972, half of the bicycles sold in the
United States were for adult use (Dougherty and Lawrence 1974). This staggering shift caused a
renewed interest in cycling by academics, planners and the public.
Today, cycling is a socially accepted form of transportation in many cities and regions of
the United States. Despite its newfound status within American society, it is my opinion based
on the research record, that many aspects of cycling remain beholden to outdated concepts
about bicycles and bicycle riders. Bicycle parking is one such aspect that remains at least
partially misunderstood due to the scant amount of research that is devoted to it. Though there
have been concerted efforts by many cyclists to raise the status of bicycle parking, in many
places it is still treated with indifference, disdain or confusion. The following section will
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overview the history of bicycle parking in the United States, and also examine international
research on the subject.

The State of Bicycle Parking Research in the United States
The earliest references to bicycle parking in the United States originate not from the
academic record, but rather from the patent record. Primitive bicycle parking infrastructure
designs started to appear in the 1880s. Many of these designs such as Charles Wicksteed’s
“Stand for Bicycles” or A.J. Philbrick’s “Bicycle Stand” were British imports, representing a
diffusion of cycling culture from Europe to the United States (Wicksteed 1882; Philbrick 1886).
Many other designs were of American origin. The parking designs of the 1880s were primitive,
but demonstrate that even during this early period, cyclists were already thinking about where
to park and store their bicycles when they were not in use. The 1890s saw the emergence of
new parking styles that more closely mirror the designs of contemporary bicycle racks. It is
during the 1890s that wall mounted bicycle racks, wheel-locking bicycle racks, primitive bicycle
lockers, and coin-operated bicycle parking first appear in the patent record (Bierbach, 1897;
Summers 1898; Ehrnberg 1899).
After the 1890s, the patent record continues into the new century with pioneering
designs and inventions being registered despite the decline of cycling. References to bicycle
parking outside the patent record from the early 1900s through the 1950s are sparse,
establishing little more than the fact that bicycle parking was still in use at some locations,
notably schools. It is in articles, personal reflections and trade journals that snippets about
bicycle parking during this era can be found. These snippets become especially pronounced in
8

the 1950s and 1960s. A writing found in a journal geared towards secondary school principals in
1964, for instance, tells the story of a student who was accosted at a school bicycle rack and
was unable to commute home at the end of the school day (Johnson 1964). Another personal
short story from 1956 tells the story of children who would ride their bicycles to work at a berry
farm over the summer, parking their bicycle at a parking rack (Bowman 1956). These examples,
and others like them, establish that bicycle parking was still in use before the re-emergence of
bicycles in the late 1960s and early 1970s. This is a fact that many people who lived during this
era will attest to, fondly remembering riding their bicycles to school. This period deserves more
study then it has received, and the bicycle parking situation of this era will hopefully become
less shrouded in mystery over time.
In the 1960s, references to bicycle parking started to increase, but it is not until the
1970s that the topic began to more widely appear in the research record. It is in 1977 that one
of the first research items devoted entirely to bicycle parking, a master’s thesis examining
bicycle parking demand and placement at Iowa State University, appears in the research record.
The thesis, written by John Sylvester Dybalski, notes that bicycle parking is rarely “discussed to
any great length” and that no technical reports about bicycle parking were found during the
course of the author’s literature review (Dybalski 1977, 10-11). Dybalski’s thesis used bicycle
rack counts and student surveys to predict parking demand, which yielded actionable results for
campus bicycle planning (Dybalski 1977, 12). This article will be discussed more in the second
section of this literature review. Other articles that were written during this period draw
relationships between bicycle parking and theft. One article written by Walter Kraft noted that
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finding secured bicycle parking was, “one of the most difficult problems a bicyclist faces.” (Kraft
1977, 51).
Starting in the 1980s, references to bicycle parking began to more commonly appear in
many planning documents, and in the academic record. Extensive bicycle parking investments
were taking place in Europe and Asia, especially at transit stops where bicycle transit was being
integrated into larger transportation systems (Replogle 1984). Such parking was comparatively
“underdeveloped” within the United States (Replogle 1984). In addition, a lack of guarded
bicycle parking areas was reported at transit stops in the United States, despite the country’s
high theft situation, and the successful use of these facilities overseas (Replogle 1984). A 1995
study examined bicycle transportation in Philadelphia and found that bicycle commuters who
had access to safe bicycle parking had a statistically significant higher mean perception of
cycling convenience compared to those who did not (Noland and Kunreuther 1995). A
nationwide survey of bicycle commuters conducted a year later found that 61% of respondents
indicated that they would like to see additional or improved facilities, including bicycle parking
at their destinations (Moritz, 1996).
The Association of Pedestrian and Bicycle Professionals (APBP) incorporated on July 2 nd,
1998 in the District of Columbia. It quickly established itself as the pre-eminent authority on
bicycle parking in the United States through the publication of an extremely influential
guidebook, Bicycle Parking Guidelines in 2002. The book, which received an update in 2010, is
authored and peer-reviewed by a diverse team of planners and consultants from municipalities
and consultancies across the United States. Bicycle Parking Guidelines makes recommendations
about choosing bicycle racks and lockers, developing site plans, maintaining bicycle parking,
10

and providing security. A smaller reference work, Essentials of Bicycle Parking: Selecting and
Installing Bicycle Parking That Works was authored by the organization in 2015. These
reference works are widely used by contemporary planners and public officials in bicycle
parking planning efforts. Important contributions from this research will be discussed in
subsequent sections.
Only a few academic articles on bicycle parking have originated out of the United States
over the past decade. The majority of these pieces are not solely focused on bicycle parking,
but rather on bicycle transportation as a whole. American researchers have found that when
bicycle parking is offered in coordination with other amenities such as showers and personal
lockers, that it has a statistically positive influence on bicycle commuting (Buehler, 2012). Other
research has indicated that installing safe bicycle racks and lockers at transit hubs may
encourage more American women to bicycle and help close a gender gap that exists in cycling
(Abasahl, Kalarestaghi and Ermagun 2018). These findings are important, but in a country as
large as the United States, one would expect to find more research specifically devoted to
bicycle parking. With the exception of the work of the APBP, this is not the case.

Insights from International Bicycle Parking Research
Unlike in the United States, where bicycle parking is considered a niche field at best,
bicycle parking receives much greater academic attention in other regions of the world. There
are numerous studies on bicycle parking that originate from high density cycling cultures such
as the Netherlands, China and Japan and new research findings from these countries is
published regularly. It is difficult, therefore, to summarize all the work that is being completed
11

overseas in this highly focused literature review. Instead, this review will highlight some of the
key findings that might be applicable to the American context, with the understanding that this
is not a complete review of the subject. There are two main varieties of international bicycle
parking research. There is critical, qualitatively focused research and then there is highly
empirical, quantitative research. Interesting insights can be derived from each of these
approaches, and it would be a waste to believe that one school of research philosophy is better
than the other. Instead, the findings of each type of research should be used to support each
other, hence creating a fuller picture about bicycle parking.
Within the critical realm of thinking are studies that examine the place of bicycling and
bicycle infrastructure within a societal framework. In the past decade, research that examines
the role of culture in cycling policy has yielded particularly relevant and fascinating insights that
could be applicable within an American context. Using practice theory and conceptions of
“matter out of place”, researchers in England found that cyclists often face stress and anxiety
when trying to park their bicycles (Aldred and Jungnickel 2013). This is thought to be caused by
the marginalized status of everyday cycling within English society, where bicycles are viewed
paradoxically as threatening the status quo of an automobile dependent society, while also
being threatened themselves by outside factors such as theft, vandalism and weather (Aldred
and Jungnickel 2013). A similar line of research from Denmark found that poor bicycle parking
designs combined with theft, discourage people from investing in high quality bicycles, which in
turn leads to neglect, waste and bicycle abandonment issues (Larsen and Christensen 2015).
Subsequent research determined that a lack of parking for higher-end bicycles in the city of
Copenhagen was forcing cyclists to park their bicycles on landscape objects and street furniture
12

for security (Larsen 2017). Traditional grid style parking racks in Copenhagen favor a cheap
“throwaway” culture of cycling, which does not suit the needs of every user, and which stands
at odds with ideas of sustainability (Larsen 2017).
International research that examines bicycle parking forecasting, modeling and use
trends is also on the rise. Chinese researchers have made quite a few contributions within this
realm. In the 1990s, researchers were able to develop a bicycle parking forecast model for the
city of Shanghai that factored land use into its output (Yan and Zheng 1994). Subsequent study
has focused on bicycle parking in educational settings. A recent study that used Maslow’s
Transportation Level of Service to examine bicycle environments at Peking University, found
that in addition to addressing safety and security needs, if comfort and convenience factors
were also considered in bicycle parking, it might lead to an increase in cycling overall (Yuan et
al. 2017). Maslow’s Level of Service factors safety and security into its equation, which is
important part of getting cyclists to use roadways and parking, this was factored in before
comfort and convenience variables were considered (Yuan et al. 2017). Recently, a model that
included trip distance, parking distance and cycling rates was created to further aid in
determining parking demand at campus teaching and office districts (Xu, Zhang and Rong
2012).
Another unique topic being studied by non-American researchers is bicycle parking
management. Research findings from a European perspective indicate that as cycling becomes
a more “usual” part of society, parking management strategies also need to be implemented
near residential homes, intersections and destinations to manage it (Van der Spek and
Scheltema 2015). Different bicycle parking types should be installed and managed based on
13

required capacities, available space, parking duration, distance, user type and whether people
are willing to pay or not, according to this research (Van der Spek and Scheltema 2015).

Bicycle Parking in the American University Setting

A 2014 analysis of American Community Survey data collected between 2008 and 2012
titled Modes Less Traveled-Bicycling and Walking to Work in the United States made the
observation that “college towns” see some of the highest rates of bicycle commuting in the
United States, based on a small pool of data (McKenzie 2014). This observation is supported by
individual case studies of university bicycle use, which lend validation to the idea that university
students use bicycles at higher than average rates compared to other commuting cohorts. A
2011 survey of students at a large unnamed university in the northwestern United States found
that 47% of students reported cycling regularly for transportation, and that 59% of the
surveyed students reported that they bicycle (Randsell et al. 2013). Another survey of university
students at Stanford University found that over 20% of commuters rode their bicycles to
campus, compared to the 2% of people that reported cycling in the surrounding county (Louch
et al. 2017). Western Michigan University’s 2018 Sustainability Survey found that 42% of the
1,663 students surveyed reported riding their bicycle often or occasionally as a means of
transportation (Western Michigan Student Sustainability Survey 2018). The higher than average
rate of cycling at university campuses supports the idea that bicycle parking issues are likely
also prevalent at universities.
Any discussion of bicycle parking at university campuses needs to begin with the
University of California at Davis (UC-Davis). Within the United States, UC-Davis has long been
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seen as one of the leading role models for university cycling design and innovation. This history
of bicycle innovation dates back to the 1960s, when the chancellor decided to go against the
automotive lobby and turn his campus into a bicycle friendly landscape, modeled after cycling
culture in the Netherlands (Reid 2017). Since that time, Davis has contributed to cycling culture
across the United States, including in the area of bicycle parking. UC-Davis is one of five
universities to have won the League of American Bicyclist’s Bicycle friendly University platinum
award, the highest award bestowed by the organization. The university has a unique summer
bicycle storage program where out of town students can store their bicycle for a nominal fee,
offers dedicated bicycle lockers for $10 a month, and a program called goBike which offers
specialized bicycle services such as the use of showers and discounted parking rates for
students (UC-Davis, 2019).
There are many other campuses around the country that are also innovating when it
comes to bicycle parking. Some of the campuses that can perhaps provide the best guidance for
Western Michigan University are recent Bicycle Friendly University award winners who have
had to raise their bicycle parking in order to be considered for the award. The platinum-tier
award, the highest honor bestowed by the league was not awarded to any new schools in 2018,
but seven gold-tier awards were granted to universities across the country, the second highest
award granted by the organization. These seven universities are the University of Kentucky,
University of Maryland – College Park, Harvard University, Dickinson College, the University of
Utah, the University of Vermont and the University of Washington.
The University of Vermont has made making improvements to bicycle parking a major
part of their campus active transportation plan (University of Vermont, 2017). Some of the
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proposals that the university outlined in their plan include the provisioning of additional
covered short-term bicycle parking areas for commuters, the creation of indoor parking spaces
for long term parking users, and the replacement of outdated parking racks with a common
rack type (University of Vermont, 2017). Another university that received gold honors in 2018,
the University of Utah, went through great lengths to improve their bicycle parking. In the
1980s, the university knowingly installed bicycle racks for their aesthetic value rather than their
function (University of Utah, 2011). The university has not only taken steps to remedy this
decision, but they have also installed bicycle lockers, and secured bicycle parking rooms that
enhance parking for university stakeholders (University of Utah, 2011). Many other universities
are beginning to follow in the steps of institutions like the University of Vermont and the
University of Utah, especially with regards to bicycle parking selection. There are dozens of
schools being awarded for their efforts every year, and many of these schools are making sure
to incorporate well thought out bicycle parking into their design choices. A review of silver and
bronze award winners shows that different institutions are at different stages of development
with their bicycle parking infrastructure and programs, but their awards suggests that they are
moving in a positive direction.
There have also been a number of reference works published on campus bicycle
planning. Within these reference works it is not uncommon to find pages of information on
bicycle lanes, signage, routing, and safety, but little to no information about bicycle parking. In
recent years however, this trend has begun to change, and new insights and planning
perspectives are beginning to appear in the publication record. Alta Planning + Design, a leading
planning agency for multimodal transportation published a planning white paper that outlined
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four steps that universities can take to improve their bicycle parking infrastructure. The agency
recommended that universities should (1) adopt a bicycle rack standard, (2) assess bicycle
parking demand, (3) provide long-term bicycle parking and (4) provide high-capacity bicycle
parking (Gilpin 2016). Dozens of universities across the United States have also created bicycle
master plans for their campuses, and while these plans are university specific, they can provide
perspective and insights for other campuses. For a cold weather school like Western Michigan
University, special attention should be paid to other regional institutions like Ball State
University and the University of Illinois who have each made bicycle parking planning an
important part of their campus design.

Bicycle Racks and Lockers
There are many different styles and designs of bicycle parking available for purchase,
but not all bicycle parking infrastructure meets industry standard guidelines. There are
countless designs and styles to choose from among the two major types of bicycle parking
infrastructure: racks and lockers. Some of these designs are more optimal than others. The
APBP’s Bicycle Parking Guidelines is the main reference book employed by planners,
administrators and officials in the provisioning of bicycle parking. The guidebook recommends
that bicycle racks should (1) support the bicycle in at least two places, (2) allow frame locking
with one or both wheels using a u-lock, (3) be securely fixed into the ground, and (4) resist
cutting, rusting, bending and deformation (Anderson et al. 2010, 2-2). Bicycle racks generally
represent a short-term parking option, while bicycle lockers and other enclosed parking types
are better for long term bicycle parking. Bicycle lockers, according to the guidebook should (1)
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fully enclose the bicycle, (2) provide partial weather protection, (3) fix securely into the ground,
and (4) resist vandalism (Anderson et al. 2010, 2-2). Though there are thousands of rack and
locker designs, there are some that are more commonly employed then others.
The APBP has divided bicycle racks into three different categories: “recommended”,
“acceptable” and “other”. Recommended racks include the inverted-u rack, inverted-u series
and the post and ring rack (Anderson et al. 2010, 2-17). What makes these racks desirable is
their intuitive design, ability to support bicycles at two points, accessibility and ease of use
(Anderson et al. 2010, 2-17). Inverted-u racks in particular are a known quantity for most
cyclists in the United States and have been cited as the “most common bicycle rack, especially
on city streets” (Krizek 2006, 17). Although these rack types are widely recommended and
gaining widespread use and acceptance across the United States, many organizations and
institutions still use and install other types of bicycle racks. Inverted-U style racks are commonly
used at Western Michigan University, providing enhanced security and stability for student
cyclists (see Figure 1).
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Figure 1 - A recently installed inverted-u style bicycle rack at the Valley Dining Center.

The APBP’s acceptable bicycle racks include wall-mounted bicycle racks, secured
wheelwells, tree guard racks, modified coathanger racks and double decker racks (Anderson et
al. 2010, 2-19). These racks generally meet the needs of users but have some drawbacks. Tree
guard bicycle racks, for instance, are similar to inverted-u style racks in most aspects but unlike
the inverted-u racks, they lack accessibility from both sides of the infrastructure (Anderson et
al. 2010, 2-21). While the APBP’s acceptable tier of bicycle racks have some drawbacks, their
“other” category of racks features parking types with serious shortcomings that make them
acceptable in only a limited number of circumstances. Bicycle racks in the “other” category
include undulating/wave style racks, schoolyard style racks, spiral racks, unsecured wheelwells,
19

coathanger racks, and secured swing arm racks (Anderson et al. 2010, 2-29). Among the most
prevalent of this group are schoolyard style racks, which have traditionally been used by many
American institutions. Not only do schoolyard style racks fail to meet many of the basic
infrastructure guidelines established by the APBP but they also put strain on the wheel rim of a
bicycle, which can be especially repulsive for owners of higher end equipment (Main and
Hannah 2010, 154). Wave racks are also highly problematic. Often installed for their aesthetic
value, rather than their function, wave racks cause handlebar conflicts, fail to hold their
carrying capacity, and do not support bicycles in two places (Anderson et al. 2010, 2-24). These
racks, and their derivatives should not be widely considered in any planning project. At Western
Michigan University, wave style racks are heavily concentrated at the Western View
Apartments (see Figure 2).

Figure 2 - An undulating/wave style bicycle rack at WMU's Western View Apartments.
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The material that a bicycle rack is made out of should also adhere to certain guidelines,
in order to ensure the long-term sustainability of the infrastructure investment. According to
the APBP, the most common types of bicycle rack finishes include galvanized, powder coat,
vinyl jacket, thermoplastic and stainless-steel finishes (Anderson et al. 2010, 2-3). Each finish
type offers varying degrees of customization. Stainless steel, which has a high resistance to
cutting, is the most expensive finish (Anderson et al. 2010, 2-3), while galvanized finishes are
the least expensive. Purchasers of bicycle racks are often forced to weigh the aesthetic merits
of a material with the function of the material, which can lead to situations where a material
might have a high aesthetic value initially but deteriorate over time.
Bicycle lockers also have multiple styles and options to choose from. According to the
APBP, there are four common styles of bicycle construction: all metal, molded plastic, plastic
panel on metal frame and fiberglass panel on metal frame (Anderson et al. 2010, 2-7). Unlike
bicycle racks, the APBP does not make design recommendation by style with bicycle lockers. It
does note some of the drawbacks with each construction, however. Plastic bicycle lockers, for
instance, can fall prone to fire and cutting incidents (Anderson et al. 2010, 2-12). All metal
lockers on the other hand, could overheat in direct sunlight (Anderson et al. 2010, 2-7). The
locking mechanism that a bicycle locker uses should also be taken into consideration in the
provisioning of infrastructure according to the APBP (Anderson et al. 2010, 2-11).
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Parking Site Planning and Design
Another important aspect of bicycle parking is the layout and design of the
infrastructure. Bicycle parking is generally divided into two types: short-term parking and longterm parking. Like its name indicates, short-term parking is best used by users who do not plan
to leave their bicycle parked at a location for long durations of time, while long-term parking is
best suited for individuals who plan on parking their bicycles overnight or for extensive periods
of time. The APBP has made a number of recommendations with regards to site planning, but
the general guidelines for short term parking is that it should be convenient, visible, identified,
and weather protected when possible (Anderson et al. 2010, 2-30). For long-term parking, the
APBP recommends that a site be secured, weather protected, and have easy access that
incorporates signage (Anderson et al. 2010, 2-30). Bicycle racks tend to work better as shortterm parking options, while lockers are generally considered to be a better long-term storage
option (FHWA 2005). Some rack infrastructure does not meet either of these criteria, such as
unsecured traditional style racks, which is rarely an acceptable choice for short or long-term
parking (see Figure 3).
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Figure 3 – A non-APBP recommended schoolyard style rack.

Bicycle Parking Research Methodology and Topical Areas of Relevance
Bicycle Parking Conditions and Maintenance
There are currently no standardized methods, techniques or procedures available to
quantify or categorize the physical conditioning of bicycle parking. Other modes of parking,
such as vehicle parking, have indexes available such as the Pavement Condition Index (PCI)
which can be used to grade parking facilities. Bicycle parking conditioning, in comparison,
receives little more than a cursory mention in most publications. There also seems to be a
disagreement about whether bicycle parking “conditions” refers to the physical conditioning of
a piece of parking infrastructure, or whether it refers to parking attributes like rack capacity and
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site design. A 2003 study of the University of Arizona’s bicycle parking, for instance, used
“conditions” to refer more broadly to contextual site conditions, rather than the conditioning of
the physical infrastructure (Ribes 2003). Similar definitions appear in planning documents for
transportation districts such as Denver’s Regional Transportation District (Bicycle Parking and
Accessibility Plan 2018). Other planning documents refer to “condition” in a maintenance and
physical conditioning sense. A survey of Philadelphia’s bicycle parking for instance, looked at
condition as a measure of a bicycle rack’s overall physical maintenance (MIP Summer Interns
2013). The Philadelphia survey grouped bicycle parking into three categorical groups: “Good”,
“Fair” and “Poor” based on observed deficiencies in the physical condition and usability of each
rack (MIP Summer Interns 2013). A holistic approach to examining bicycle parking conditions
might therefore consider both physical maintenance and contextual cycling conditions in order
to provide a more complete picture of a parking area’s general condition.
Quantifying conditions both in a contextual sense and in a maintenance sense remains
challenging. Different methods have been employed to study these topics, but there is no single
method that has emerged as standard practice. A 2011 survey of bicycle parking in the French
Quarter of New Orleans used a mixed method approach that gauged the opinions of local
residents and business owners, but also used a physical inventory to study bicycle parking
within the district (Healy and Wine 2011). The survey determined that cyclists are unlikely to
walk more than three blocks from bicycle parking to reach their destination, and that many
cyclists believe that it is secure and legal to park bicycles on private property when no racks are
available (Healy and Wine 2011). A similar survey conducted in 2002 in Miami used a bicycle
rack inventory in conjunction with site interviews, surveys and photographs to make
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assessments about bicycle rack condition (Hagelin 2002). The survey found three different
styles of racks in use, with “wheel bender” traditional style racks having many “significantly
damaged” members in the study area (Hagelin 2002). The use of visual assessments and
stakeholder surveys in these two studies represent what is perhaps as close to a standardized
methodology as there currently exists.

Bicycle Theft Studies

Bicycle parking and bicycle theft are intrinsically linked to one another. The security of a
bicycle depends not only on how it is locked but also on the parking infrastructure that it is
locked together with (Johnson, Sidebottom and Thorpe 2008, 51). The type of lock that an
owner uses to secure their bicycle to parking can help prevent theft, but even the best of locks
can be “bent” out of place by thieves (Larsen 2015). It is for this reason that secured bicycle
parking is favored over traditional unsecured racks by many cyclists. A recent study of bicycle
use influencers in Edmonton, Canada found that secure bicycle parking has a “very large and
significant positive effect on the attractiveness of cycling” (Hunt and Abraham 2006). It has
been documented that even the use of simple signage can play a role in crime-reduction, even
in the absence of actual surveillance (Nettle, Nott and Bateson 2012). One of the biggest
hurdles in the implementation of secured bicycle parking may be a general societal indifference
towards bicycle theft.
Bicycle owners are more likely to have their bicycles stolen, then car owners and
motorcyclists are likely to have their cars or motorcycles stolen (Johnson, Sidebottom and
Thorpe 2008, 4). Despite this fact, very few arrests are made in bicycle theft cases, and there is
25

a perception among cyclists that law enforcement officials are not interested in pursuing bicycle
theft cases (Johnson, Sidebottom and Thorpe 2008, 5). The US National Incident-Based
Reporting System, used by the FBI to track crimes, did not even have a code for bicycle thefts
until 2013 (Peng, Liu and Son 2018). This made tracking bicycle thefts difficult in many
instances. Even with these shortcomings, police often recover stolen bicycles, but these
recovered bicycles are rarely returned to their original owners (Johnson, Sidebottom and
Thorpe 2008, 4). Registering a bicycle with law enforcement or other local officials can help in
the recovery of stolen property, but there is also a hypothesis that registering bicycles can
create a “false sense of invulnerability” among cyclists (Van Lierop, Grimsrud and El-Geneidy
2015). Registration also fails to prevent the theft of components from bicycles, since it is usually
only the bicycle’s frame that contains identifiable markings (Johnson, Sidebottom and Thorpe
2008, 43). Alternative methods such as electronic tagging can be used to help return stolen
bicycles, but electronic tags are also unlikely to affect the sale of stolen parts (Johnson,
Sidebottom and Thorpe 2008, 43).
Bicycle theft can be mapped out and analyzed using approximated theft locations
supplied by public safety agencies (Peng, Liu and Son 2018). Using geographic information
systems (GIS), it has been demonstrated that crime on college campuses can also be analyzed
with reference to campus locations (McGrath, Perumean-Chaney and Sloan 2012). A 2018
survey of bicycle friendly universities found that most universities did not consider bicycle theft
to be a major issue, with the exception of two universities who described it as their “biggest
issue” and a “tremendous problem” (Wilson et al. 2018). The two universities who found
bicycle theft to be a problem were anonymized, but each is a Bicycle Friendly University award
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winner (Wilson et al. 2018). This may indicate that the secured parking at the majority of these
institutions is deterring theft, or it may be that bicycle theft is under-reported at these
locations, especially since it is a major problem at other universities.
One other avenue that can be used to monitor and prevent bicycle theft is surveillance
technology. Once expensive, modern surveillance technology is now widely available to the
masses and is much less cost prohibitive then it used to be. Studies have demonstrated that the
psychological threat of being surveilled can be a deterrent in bicycle theft (Nettle, Nott and
Bateson 2012). Other research has suggested that surveillance of bicycle parking might be more
effective in areas with a lower median age, since there are normally more theft targets in these
areas then in ones with a higher median age (Chen, Liu and Sun 2018). There has been a lack of
study of surveillance, and its impacts in the university setting, but as this technology becomes
cheaper it might become more feasible for universities to adopt real or perceived deterrents
such as surveillance systems on campuses.

Bicycle Parking Counts
Quantifying bicycle use is a fundamental component needed to understand bicycle
travel (Nordback and Janson 2010). Bicycle counts have been used in multiple studies to
establish bicycle use trends and conduct further analysis on these trends (Hunter and Huang
1995, Nordback and Janson 2010, Schmiedeskamp and Zhao 2016). Bicycle parking counts in
comparison have received much less attention. The first known reference to bicycle parking
counts conducted as part of an academic study is from John Dybalski’s 1977 thesis on Iowa
State University’s bicycle parking. Dybalski divided Iowa State’s campus into three different
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zones, and then used student volunteers to count bicycles at parking racks within these areas
(Dybalski 1977). Dybalski noted that there were issues of affordability and practicality that
limited his ability to count bicycles (Dybalski 1977). Despite this, Dybalski was still able to
estimate parking demand with the data that was collected.
In 2011, a research piece by David Moskovitz and Nikki Wheeler suggested using time
series photography to count bicycles as they arrive and depart from bicycle parking
infrastructure (Moskovitz and Wheeler 2011). This methodology, though useful, might not be
able to be used at hundreds of bicycle racks at once. With cameras and other monitoring
equipment becoming much cheaper, this method might gain more traction at a large scale in
the coming years. Another study of elementary schools and middle schools used volunteers to
conduct bicycle counts in order to establish whether traffic stress indicators played a role in
student cycling use rates (Fitch, Thigpen and Handy 2015). Although the traffic stress model
used by the research team did not yield the results that they were expecting, they did find that
the bicycle rack counts provided useful data for basic descriptive analysis (Fitch, Thigpen and
Handy 2015).
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CHAPTER III

STUDY AREA
Western Michigan University
Western Michigan University is a public research university located in the City of
Kalamazoo, Michigan. The university has a total enrollment of 20,696 students as of the
beginning of January 2019 of which 16,150 of the students are classified as undergraduate
students, and 4,546 are classified as graduate students. Western Michigan University is also a
major employer in the Kalamazoo area, employing approximately 3,350 people within the
community. The university plays a significant economic and social role within the region,
bringing investments to the city and its neighbors, while also offering cultural, recreational and
entertainment amenities for students and non-students. The main campus of the university is
situated within the city limits of Kalamazoo and consists of three disconnected entities. The
busiest sector of the campus, known as “West Campus” is sandwiched between West Michigan
Avenue and Howard Street, two major multi-lane thoroughfares in the region. West Campus is
home to the majority of academic, dining and residential buildings at the university and can
best be described as the main hub of the campus. To the east of West Campus, across West
Michigan Avenue is the sector of campus known as “East Campus”. East Campus is home to
Homer Stryker Medical School, the College of Health and Human Services, and a multitude of
athletic and administrative buildings. The last component of Western Michigan University’s
main campus is known as “Parkview Campus”, which is home to the College of Engineering and
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Applied Sciences. This portion of the campus is located a few miles to the southwest of West
Campus.
Due to the discontinuous nature of the university, travelling between the various
components of the campus can be challenging for students and faculty. The University offers a
campus shuttle service and provides parking passes that are accepted in more than one
location, but it is difficult to walk and bicycle between each section of the campus for a
multitude of reasons. The biggest obstacle for walkers and cyclists between East and West
Campus is the presence of Stadium Drive, a 4-lane highway that is exceptionally busy during
most times of the day. There are four at-grade crossings between the two sides of the campus,
and no protected pedestrian crossings or bicycle paths. A railroad track and a small stream
called Arcadia Creek run parallel to Stadium Drive, causing additional barriers to cycling and
pedestrian activity. Another obstacle is the presence of topographical barriers. East Campus sits
on top of a large moraine, and at most crossings, cyclists and pedestrians have to climb or
descend a steep grade to go between the two campuses. Cyclists who are uncomfortable on
hills, and pedestrians who may have injuries or disabilities are likely to find this elevation
change to be especially frustrating. In the early days of the university, a rail car transported
students up and down the hillside, but no such transportation option exists today. Parkview
Campus is equally difficult to access from both West and East Campus, due to the effects of
distance, traffic conditions, and elevation changes. For a regional map that highlights Western
Michigan University’s proximity to transportation and Downtown Kalamazoo, as well as its
spread out nature, see Figure 4.
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Figure 4 – A regional map centered on Western Michigan University, © Open Street Map Contributors (CC BY-SA)

At a latitude of approximately 42.3° N, the university experiences frequent fluctuations
in weather and four distinct seasons. Snow and other types of winter precipitation are common
throughout the school year, and heavy rains during the Spring and Fall are also not unheard of.
Kalamazoo is located abreast of Lake Michigan, and receives some temperature moderating
effects from the lake, but also receives heavy moisture from the lake in the form of lake effect
snow. The neighboring communities of Kalamazoo and Portage encourage their residents to
sweep leaf debris into the margins of roadways, which may negatively impact cycling due to
bicycle lane obstructions. Snow removal activities also prioritize motorways. This climatic
situation makes Western Michigan University an interesting site for studying bicycle parking.
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Bicycle Parking on Campus
During the Spring and Summer months of 2018, I mapped and surveyed the university’s
bicycle parking infrastructure under the guidance of the university’s Landscape Services office,
and with the assistance of the Facilities Management department. During this process, I used a
gridded overlay of the main campus and searched each polygon within the grid manually for
bicycle parking infrastructure. Using Collector for ArcGIS, which was paired with an iPad and a
Bad Elf GNSS receiver, I plotted the bicycle parking infrastructure I found as point features.
These plotted points were uploaded directly to the University’s Web GIS Portal, and later
downloaded onto a desktop version of ArcGIS for advanced analysis.
There are a total of 138 bicycle racks on campus, of which 85 are traditional
“schoolyard” style racks, 37 are inverted-u style racks, 10 are wave style racks and 5 are “pi”
style racks. For the purpose of counting and ease of data collection, each row of inverted-u and
“pi” style racks were counted as a single rack. Pictures were taken of each rack for verification
purposes. For examples of what these racks look like, see Figure 5 which shows inverted-u,
traditional, wave and pi style racks from the top left to the bottom right. I did not locate any
bicycle lockers or parking corrals on campus, although it should be noted that the university’s
sustainability office does have an indoor bicycle maintenance shop that could potentially
double as a bicycle parking area. The survey also included racks at the Asylum Lake Preserve
and the West Hills Athletic Club, which technically are considered part of main campus, but are
functionally separate from the rest of the university campus. Every rack on campus was given
an identification number based on the grid cell that it was located within, and the number of
other racks present in the cell. If, for example, a rack was located within cell number 106 and
32

was the second rack found within that cell, it would be assigned an identification number of
10602. The racks located at the Asylum Lake Preserve and the West Hills Athletic Club were
given distinct identification numbers, since they fell outside of the grid.

Figure 5 – The four bicycle rack types found on campus.

Distribution of Bicycle Parking on Parkview Campus
24 grid cells were searched for bicycle parking infrastructure at Parkview Campus. Two
bicycle racks were located and identified within cells 222 and 223. Bicycle rack 22201, located
at the front entrance of Floyd Hall, is a large inverted-u style rack with a distinct stone colored
design, it has a total capacity of 28 bicycles and is fixed within concrete. The rack is uncovered,
exposed to the elements, but in good overall condition. This rack serves as the primary bicycle
parking facility for the College of Engineering and Applied Science. Bicycle rack 22301 is located
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within a corridor between the eastern portion of Floyd Hall and the building’s parking garage. It
is a pi style bicycle rack that holds 2 bicycles. After a follow up examination of the site, a second
bicycle rack was also found within cell 223 within a loading dock. This rack was covered and
obscured on all occasions that it was observed and was ultimately excluded from the survey.
Bicycle racks were also located at private businesses within the grid and were excluded from
the final tally of bicycle parking facilities.

Distribution of Bicycle Parking on East Campus
A total of 44 grid cells were searched for bicycle parking at the university’s East Campus,
and 13 bicycle racks were located within 7 of the cells. The first rack I found was located at the
Campus Service Building. The rack, which was denoted as 12201, is a traditional style bicycle
rack with a capacity of 10 bicycles. Due to its obstructed location against the wall of the
building, its true capacity is only 5 bicycles. At Heritage Hall, across the street, a brand new
inverted-u style bicycle rack was located at the side entrance to the building. The rack, 13401,
has a capacity of 12 bicycles and is in excellent condition.
A larger traditional schoolyard style bicycle rack was located at Spindler Hall, a campus
residence hall. This larger rack, 14501, has a total capacity of 20 bicycles and was observed to
have heavier use than most of the racks on East Campus. Next door to Spindler Hall, at the Little
Theatre, there is another large traditional schoolyard style bicycle rack. The rack has a 20bicycle capacity and was given an identification number of 14602. Unlike its neighbor at
Spindler Hall, this rack was seldom seen in use, and is likely used for special events rather than
permanent parking. On the other side of Oakland Drive there is a dilapidated traditional
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schoolyard style rack on a concrete pad outside of Walwood Hall with a capacity of 20 bicycles.
It was assigned an identification number of 14601. This rack has since been moved into a grassy
area adjacent to its surveyed location. All of the racks referenced in the northern section of East
Campus are depicted in Figure 6.

Figure 6 – Bicycle Racks located in the northern region of East Campus.

A total of 4 bicycle racks were located at the College of Health and Human Services. One
of these racks, 16801, was located at the Ernest Wilbur Building and the remaining racks were
located at the main Health and Human Services building. The bicycle rack at the Ernest Wilbur
Building is a traditional schoolyard style rack with a total capacity of 20 bicycles, which is halved
by building obstruction. The racks at the main college (16802, 16803, 16804) are all
hoop/inverted-u style racks with capacities of 16 bicycles each. All of the racks in the area are in
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good condition, with the exception of the snowplow damaged 16803. All of the racks
referenced in the southern section of East Campus are depicted in Figure 7.

Figure 7 – Bicycle Racks located in the central region of East Campus.

I found the last grouping of East Campus bicycle racks along the southern margins of
campus. Bicycle racks 18801 and 18802 are both large capacity traditional schoolyard style
racks located at the Stadium Drive Apartments. Rack 18801 is positioned on a concrete pad on
the eastern edge of the apartment complex, and rack 18802 is located in a courtyard between
the buildings. Rack 18801 has snow plow damage and is also heavily rusted and worn in spots,
rack 18802 sees heavier use as a result. Neither of these racks are protected from the elements,
and it was observed that many students park their bicycles inside their apartments rather than
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at the racks. To the east of these racks, a small inverted-u style rack with an identification
number of 19001 can be found at the Zhang Legacy Collections Center. The three racks
referenced in this section are depicted in Figure 8.

Figure 8 - Bicycle Racks located in the southern region of East Campus.

Distribution of Bicycle Parking on West Campus
A total of 65 grid cells were searched for bicycle parking at the university’s West
Campus, and bicycle racks were located in 28 of the cells. With 117 bicycle racks, this region of
campus by far has the highest density of bicycle parking on campus. In ascending order, the first
bicycle racks that were located were found at the Goldsworth Valley Apartment buildings.
Goldsworth Valley III, which is comprised of Stinson, Harrison, Eldridge and Fox Halls had a total
37

of 6 bicycle racks. Bicycle racks 10601, 10602, 10607 and 10608 are located at the northern end
of the complex and are traditional schoolyard style racks. Bicycle racks 11004 and 11005 are
located at the southern end of the complex and one is a traditional schoolyard style rack while
the other is an inverted-u style rack.
At Goldsworth Valley II, which is comprised of Harvey, Garneau, Eicher and LeFevre
halls, there are 8 bicycle racks with a total capacity of 230 bicycles. Racks 10603, 10604, 10605
and 10606 are located on a concrete pad along the northern end of the building and are
traditional schoolyard style racks. They are completely exposed to the weather, and lack any
kind of security, despite their heavy use. Racks 11106, 11107, 11108 and 11109 are located
along the southern end of the complex underneath a wooded area. The racks at the southern
end of the building are also unprotected, and unsecured. Wear, mostly in the form of rusting, is
a common problem on most of the racks in this area of the campus. Some of these racks are
also bent and missing spokes.
Goldsworth Valley I, which is comprised of Ackley, Shilling, Hadley and Britton Halls has
a total of 9 bicycle racks with a combined capacity of 200 bicycle parking slots. Racks 10701,
10702, 10703, 10704, 10705, and 10706 are located at the northern end of the complex, while
racks 11101, 11102, and 11103 are located at the southern end of the complex. All of the racks
are traditional schoolyard style racks, in varying degrees of condition. The racks at the northern
end of the building are spaced in a line on a large concrete pad, while the racks at the southern
end of the building are located on a much smaller concrete pad near the edge of the campus.
There is no weather protection or security afforded for any of these racks.
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The newly constructed Valley Dining Center has a total of 4 bicycle racks with a
combined capacity of 24 bicycle parking slots. Bicycle racks 11101, 11102, and 11103 are
situated at the northern end of the dining center and bicycle rack 11401 is situated at the
southern end of the building. All of the bicycle racks at the Valley Dining Center are inverted-u
style racks, and all of them are in good condition. There is no weather protection or security
available for the bicycle racks at the dining center.
The Goldsworth Pond Apartments have a total of 5 bicycle racks, with a combined
capacity of 10 bicycle parking slots. Each of the bicycle racks at Goldsworth Pond are inverted-u
style racks, and none of them have any weather or security protective features. Bicycle racks
11501 and 11601 service the western portion of the complex and bicycle racks 11602, 11603
and 11701 service the eastern portion. There are additional empty concrete pads in this
complex that might have once supported bicycle parking, but no longer do. The bicycle racks for
the entire Goldsworth Valley region are illustrated in Figure 9.
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Figure 9 - Bicycle Racks located in the Goldsworth Valley region of East Campus.

Schneider Hall, home to Western Michigan University’s Haworth College of Business,
has a total of 4 bicycle racks with a combined capacity of 87 bicycle parking slots. Bicycle racks
12602 and 12603 are inverted-u style racks, while bicycle racks 12604 and 12605 are traditional
schoolyard style racks. Racks 12604 and 12605 are weather protected, while racks 12602 and
12603 are not. None of the racks are secured, but their location close to the entrance of the
building means that they likely receive more surveillance than many of the other racks on
campus. There is also a single inverted-u style bicycle rack (12601) at the nearby Sindecuse
Health Center that has a capacity of 8 bicycles, but due to tight spacing, it can only support half
of that capacity. The racks in the vicinity of Schneider Hall are depicted in Figure 10.
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Figure 10 - Bicycle Racks located in proximity to Schneider Hall and Sindecuse Health Center.

The Western Heights residence complex has a total of 8 bicycle racks with a combined
capacity of 114 bicycle parking slots. The racks at the northern end of the complex, 12805,
12806, 12807, and 12808 are weather protected inverted-u style bicycle racks. These racks are
not secured, but their proximity to the residential staff offices make them perceptibly more
secure then the racks at the southern end of the complex. The racks at the southern end of the
complex, 12801, 12802, 12803 and 12804 are also inverted-u style bicycle racks, but unlike
their northern neighbors, none of the southern bicycle racks are weather protected or visible by
authorities. Collectively, the bicycle racks at Western Heights are in good physical condition.
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Sangren Hall, one of the newest and largest academic buildings on campus, is serviced
by three inverted-u style bicycle racks. Racks 13902 and 13903 are fixed to a concrete pad, and
located at the building’s southwest entrance, while rack 14001 is located at the eastern
entrance to the building. Rack 14001 is weather protected, while racks 13902 and 13903 are
not. Collectively, the bicycle racks at Sangren Hall can hold a total of 40 bicycles. There are
empty concrete pads on the north and south sides of the building that might also have held
bicycle parking at one time, this is evidenced by the remains of metal markings in the ground
that match the footprint of an inverted-u style rack. It is not known what happened to this
infrastructure, and why it was never replaced.
Behind Sangren Hall is Henry Hall, a residential building in the heart of campus. Henry
Hall is serviced by two traditional schoolyard style bicycle racks at its western entrance. Racks
14002 and 14003 are in poor condition and are rusted and physically damaged. These racks
hold a total of 40 bicycles and are not weather protected or equipped with any special safety
features. What is striking about the bicycle racks at Henry Hall is their heavy use. I often
observed them to be at full capacity, and many students park their scooters at them in addition
to bicycles.
Immediately adjacent to Henry Hall is the Bernhard Center, which features the
university bookstore and multiple eateries. The Bernhard Center is one of the main hubs of
activity on campus and is home to 4 traditional schoolyard style bicycle racks. Three of the
bicycle racks, 14004, 14006 and 14007 are on concrete pads in front of the building, while rack
12809 is located along the sidewalk at the northeast side of the building. All of the bicycle racks
at the Bernhard Center are traditional schoolyard style racks, and none of them are weather
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protected. The racks at the Bernhard Center are clearly visible from the main building, which
may help to deter theft and vandalism, even though there are no security features built into the
parking infrastructure. Like many of the traditional schoolyard style racks on campus, the racks
at the Bernhard Center are in generally poor condition. Rusting is the primary conditioning
issue, and there is also damage to the spokes of some of the racks. Collectively, the Bernhard
Center has 90 bicycle parking spaces, which are used frequently. To the east of the Bernhard
Center is Ellsworth Hall, a small administration building with only a single bicycle rack. Bicycle
rack 12901 is a traditional schoolyard style rack that can hold 20 bicycles and is not weather
protected or secure. It is located at the main entrance to the building and is easily visible from
the road and from the Bernhard Center. These bicycle racks are depicted in Figure 11.

Figure 11 - Bicycle Racks located in proximity to the Bernhard Center.
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The primary academic heart of campus is replete with bicycle racks, predominantly of
the traditional schoolyard style design. Rood and Everett Halls, which are located adjacent to
each other and the main bus terminal on campus, feature a total of 5 bicycle racks with a
combined capacity of 110 bicycle parking slots. Racks 13801, 13802, 13803 and 13804 are
located within a courtyard that separates Rood from Everett Hall, while bicycle rack 13805 is
located at the northern entrance of Rood Hall. All of the bicycle racks in this area are traditional
style, and most of them are rusted, damaged, and missing pieces. The racks around these
buildings are also pivoted in a way that prevents them from being used to their true capacity.
There are empty concrete pads located near the bus terminal that likely supported bicycle
parking at one time, and it is unclear what happened to this parking infrastructure. Lee Honor’s
College, which is located to the East of Rood Hall has two bicycle parking racks. Rack 15002 is
located near the south entrance to the building and has a capacity of 6 bicycle parking slots,
and rack 13901 is located along the east side of the building and has a capacity of 10 bicycle
parking slots. Both of these racks are inverted-u style. None of the racks near Everett Hall, Rood
Hall, or Lee Honors College are weather protected or secured.
South of these buildings is Wood Hall, one of the busiest academic buildings on campus.
Wood Hall features three total traditional schoolyard style racks placed at each of the main
entrances to the building. Rack 15001 is located at the northern entrance to the building and is
in moderate condition. Rack 15006 is situated at the southwest entrance to the building and
has heavy frame damage, and rack 15101 is located at the southeast entrance of the building.
Collectively, the bicycle racks at Wood Hall can hold 62 bicycles. None of the bicycle racks at
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Wood Hall are weather protected, or secure, but they are highly visible from the windows of
the building. The Chemistry Building, which is connected to Wood Hall by a temperaturecontrolled bridge, also has two traditional schoolyard style bicycle racks. Racks 15102 and
15103 can hold an additional 50 bicycles, and lack weather protection and security features like
the racks at Wood Hall.
Across from the Chemistry Building is the University Computing Center and Waldo
Library, two main academic hubs on campus that share a passage between them. There are two
traditional schoolyard style bicycle racks that service these facilities. Bicycle rack 15104 services
the University Computer Center and can hold 20 bicycles. It is in very good condition and is one
of the highest quality traditional racks on campus. This rack is weather protected and is located
at a secure entry point. Bicycle rack 15105, which services Waldo Library, can hold 20 bicycles
but it is in much poorer condition. Unlike its neighbor, bicycle rack 15105 is not weather
protected, but it is in a highly visible area. These bicycle racks are depicted in Figure 12.
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Figure 12 – Bicycle racks located in the main academic core of campus.

South of Ellsworth Hall is the Student Recreation Center, which has one of the highest
concentrations of bicycle racks on campus for a non-residential building. There is a total of 5
bicycle racks at the Student Recreation Center that provide 152 bicycle parking spaces. Three of
the bicycle racks, 14101, 14102 and 14103 are located at the western entrance to the building,
while rack 14201 is located at the southern entrance and rack 14202 is located at the eastern
entrance. All of the bicycle racks at the Student Recreation Center are inverted-u racks, with the
exception of rack 14201 which is a pi style bicycle rack. The inverted-u style racks are in
marginal condition compared to other racks of the same type on campus. Many of the invertedu racks are rusty, some are missing their protective padding, and a few pieces of the racks have
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been sawed out of the ground and never replaced. All of the bicycle parking at the Student
Recreation Center lacks weather protection and is unsecured. Another small traditional
schoolyard style rack was found at the Robert J. Bobb Baseball Stadium and given 14401 as an
identification number. This rack is somewhat obscure and is hidden along a gravel service road.
It had a capacity of 10 bicycles and was in fair condition. The racks in the athletic region of
campus are depicted in Figure 13.

Figure 13 - Bicycle racks located in the athletic region of campus.

Across the university, at the campus entrance located on West Michigan Avenue, the
Office for Sustainability has one bicycle parking rack. This bicycle rack, 14901, is a heavily rusted
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traditional schoolyard style rack and lacks weather protection. It can hold a total of 20 bicycles,
but most cyclists opt to park their bicycles inside the protected bicycle shop instead. To the east
at Faunce Hall, a building that houses administrative offices, there are two traditional
schoolyard style racks that are in equally poor condition. The rack at the north end of Faunce
Hall, 15003, can hold 20 bicycles and has structural damage in addition to rust. The rack at the
south end of Faunce Hall, 15004, is plagued with frame damage in multiple spots. Neither of the
racks at Faunce Hall are secured or weather protected. A traditional schoolyard style rack is also
located at Trimpe Hall, a small student building that is immediately adjacent to the Western
View Apartments. This rack, 16107, can hold 15 bicycles at maximum capacity. None of the
bicycle racks in the vicinity of Trimpe Hall or the Western View Apartments are weather
protected or secured. The racks at these student service buildings are depicted in Figure 14.

Figure 14 - Bicycle racks located at service and administrative buildings near the West Michigan Avenue entrance to campus.
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A small bicycle rack is also found at the Seibert Administration building, which is located
slightly to the northeast of Waldo Library. Rack 14005 is an inverted-u bicycle rack with a total
capacity of 6 bicycles, it is not weather protected, but it is in good condition. To the south of the
Seibert Administration Building and to the east of Waldo Library is the Draper Residential
Complex which features Draper and Siedschlag halls, in addition to a dining hall. Bicycle rack
15201 is located at the entrance to the dining hall, while racks 15202 and 15203 are located at
the entrance to Siedschlag Hall, and racks 15204 and 15205 are located at the entrance to
Draper Hall. All of the bicycle racks at Draper Residential Complex are traditional schoolyard
style racks, and the building has a collective capacity of 115 bicycle parking slots. None of the
bicycle parking at the residential complex is weather protected or secured, and there are
conditioning issues with most of the racks.
Another large residential complex, the Davis Residential Complex, is located directly
across from the Draper Residential Complex. The Davis Residential Complex features Davis,
French and Zimmerman halls in addition to a dining center. There is a total of 5 bicycle parking
racks at this complex, and all of them are traditional style. Racks 15301 and 15302 are located
at the entrance to French Hall, and feature weather protection. Racks 15303 and 15304 are
located at the entrance to Davis Hall, and are unprotected from the weather, while rack 15305
is located at Zimmerman Hall and is also unprotected. The racks at the Davis Residential
Complex hold a total of 120 bicycle parking slots. Most of the racks need reconditioning or
replacement, with rust and frame issues being prevalent concerns. These bicycle parking racks
are depicted in Figure 15.
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Figure 15 - Bicycle racks located in proximity of the Draper and Davis complexes.

Located at the southwestern edge of West Campus are the Western View Apartments,
one of the newest residential communities on campus. All 8 of the bicycle parking areas at this
complex feature the wave style design, but since I completed my initial survey of bicycle
parking, one of the racks was stolen and not replaced. Bicycle racks 16102, 16103, 16104,
16105 and 16106 serve the northern end of the complex and bicycle racks 17301 and 17302
serve the southern end of the complex. Bicycle rack 16101 also served the northern end of the
complex, before it was stolen. These bicycle racks have some small issues with wear and rust
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but are in good condition overall. When used as intended, the bicycle parking at the Western
View Apartments can accommodate 80 bicycles. They are depicted in Figure 16.

Figure 16 - Bicycle racks located in the Western View Complex.

To the east of the Western View Apartments is an interconnected series of academic
buildings. These buildings are Kohrman Hall, South Kohrman Hall, Dalton Center and the
Richmond Center. The majority of these buildings are used by students in the arts and
humanities. There are 4 bicycle racks located at these buildings. Bicycle racks 15005 and 16203
service Kohrman Hall, bicycle rack 16201 services South Kohrman Hall and bicycle rack 16202
services the Richmond Center and Dalton Center. These bicycle racks are traditional schoolyard
51

style with a combined capacity of 90 bicycle parking slots. With the exception of rack 16203, all
of the bicycle racks in this region are not weather protected.
Another complex of academic buildings is located to the East of Dalton Hall and features
Dunbar, Friedman and Knauss halls. These buildings house social science and humanities
programs, and also feature some of the largest lecture halls on campus. There is a total of six
traditional schoolyard style bicycle racks that service these buildings, with a combined capacity
of 170 bicycle parking slots. Bicycle rack 16303 services Dunbar Hall, while bicycle racks 16304,
16305, 16306 and 16307 service Knauss Hall and 16308 services Friedmann Hall. Bicycle rack
16304 is weather protected, but none of the other racks in this region are. These bicycle racks
see heavy use throughout the day and are frequently over capacity. Like most of the traditional
schoolyard style racks on campus, they are also in need of repair and have significant problems
with rust and conditioning. At the southern end of West Campus are Sprau Hall, Brown Hall,
Miller Auditorium and the Gilmore Theatre Complex. These buildings are serviced by four
bicycle parking racks, with a combined capacity of 59 bicycle parking spots. The racks that serve
the Gilmore Theatre Complex and Miller Auditorium, 17501 and 17502, are unprotected wave
style bicycle racks that have some light rust damage. The racks that service Brown and Sprau
halls, 16301 and 16302, are unprotected traditional schoolyard style bicycle racks. These racks
are depicted in Figure 17.
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Figure 17 – Bicycle parking located in the arts-centric southern region of West Campus.

Positioned off a small ledge to the East of Friedman Hall is Moore Hall, which shares a
connection with the Burnham Residential Complex. The Burnham Residential Complex consists
of East Burnham Hall, South Burnham Hall and the Burnham Dining Center. Moore Hall has two
traditional schoolyard style bicycle racks and the Burnham Residential Complex has four
traditional schoolyard style bicycle racks that are split evenly between its two halls. The bicycle
racks at these two buildings have a collective capacity of 100 bicycle parking slots, and none of
the parking is weather protected or secured. A series of apartments known as the Elmwood
Apartments used to be located adjacent to the Burnham Residential Complex, but these
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apartments and their bicycle racks were torn down in the Summer Semester of 2018. The racks
in this region are depicted in Figure 18.

Figure 18 – Bicycle parking located at the Burnham and Moore complexes.

Another traditional schoolyard style bicycle rack was located at the Larsen Ice Arena, the
southernmost building on West Campus, but this bicycle rack was stolen during the Fall
Semester of 2018 and was never replaced. It had a capacity of 30 bicycle parking slots, but it
was in poor condition. Students were observed parking their bicycles at trees and signposts in
lieu of the parking rack. The rack that was present at the Larsen Ice Arena is depicted in Figure
19.
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Figure 19 – The one bicycle rack at Lawson Ice Arena, which was later stolen.

Distribution of Bicycle Parking at other Western Michigan Properties
The bicycle racks at the Asylum Lake Preserve and West Hills Athletic Club were also
inventoried, since these buildings are under the direct supervision of the university’s Landscape
Services department. One bicycle rack was located at the West Hills Athletic Club. It is a
traditional schoolyard style bicycle rack with a capacity of 10 bicycle parking spaces. Due to its
location outside of the search grid that was used for the inventory, it was assigned an
identification number of 1. Three pi-style bicycle racks were located at the Asylum Lakes
Preserve, and were assigned the identification numbers 2, 3 and 4. The racks at the Asylum
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Lake Preserve can hold a combined capacity of 14 bicycle parking slots and are fixed into brick
pads.
Other Bicycle Parking on Campus
On a number of occasions, it was noted that bicycles were parked on infrastructure
objects such as signs, light posts, exposed piping, flower planters and fencing. This type of
parking at unauthorized locations was not included within the bicycle parking inventory,
although it was noted when it was observed. Likewise, bicycle parking areas at Western
Michigan University satellite campuses were also not surveyed, since these satellite campuses
function in a state of quasi-independence from the main campus. Bicycle parking at Western
Michigan University’s Homer Stryker School of Medicine, which is located on East Campus and
has an innovation office at Parkview Campus, was also not included for administrative
purposes. The College of Aviation’s Battle Creek campus was not included due to its disjunctive
relationship with the main university campus.

Bicycle Parking Capacities

Bicycle parking capacities were added up for each academic and residential building on
campus, and then these capacities were divided by the maximum classroom capacity of each
academic building and the maximum occupancy of each residential building. A map was
generated to show the percentage of bicycle parking need that is met by the current bicycle
parking at each building (see Figure 20). This map demonstrates the amount of need that is
currently met by the bicycle parking under a situation where there is one parking spot for every
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person at a building during peak use. This is a partially unrealistic scenario because it is unlikely
that there would ever be a situation where every person rides their bicycle to a building, and
because of that, there is no reason to plan for bicycle parking that meets 100% of the calculated
need. Planning for bicycle parking that meets at least a quarter to half of 100% need is
therefore much more reasonable. Presently, most academic buildings on campus barely meet
5% of the calculated need.

Figure 20 – Calculated parking need on campus.
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CHAPTER IV

METHODOLOGY

Data collection for this research began during the month of May 2018 with the
collection of bicycle parking conditions and theft information. This data collection was
conducted with the support of Western Michigan University’s Landscape Services department,
and the Facilities Management office.
On October 1st, 2018 data collection of bicycle count data began, and in February 2019,
HSIRB approval was sought and obtained for the collection of human subject data for the
questionnaire portion of this paper (See Appendix A).

Bicycle Rack Conditioning Assessment
When data collection began for this project, Western Michigan University campus
officials had only a cursory knowledge about the extent and conditions of campus bicycle
parking infrastructure. Since most bicycle racks on campus are not secured into the ground
information about them was lost over time as they were moved around. A single bicycle rack
shapefile bearing little more than locational information was the only reference material
available at the time. It was unclear if the bicycle rack locations were accurate, and it was
decided that the campus would need to be surveyed for bicycle parking infrastructure before
any advanced analysis could be conducted. Under the direction of WMU’s Landscape Services
office, and with input from the GIS administrator at the University’s Facilities Management
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office, it was determined that gridding the campus and searching each member of the grid
would be the most reliable and systematic way of conducting an inventory. Using Geographic
Information Systems (GIS), East Campus, West Campus and Parkview Campus were divided into
127 rectangular search polygons and searched (see Figure 21).

Figure 21 - The gridded search area at Main Campus and Parkview Campus..

Running Collector for ArcGIS on an iPad, and using a Bad Elf GNSS Surveyor with 1-meter
positional accuracy, I began a systematic inventory of bicycle parking beginning on May 17 th
and completed it on May 23rd. Point locations were plotted for each bicycle rack that was
found, and the following attribute information was collected for each rack:
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•

Grid Index Number/Rack Number: Rack identification number where the first 3 three
digits of the number represent the grid that the rack was located within, and where the
last two digits represent the rack number within the grid.

•

Rack Type: Categorical description of rack design.

•

Capacity: The manufactured carrying capacity of the bicycle rack, which may not
represent the true capacity.

•

Condition: Physical conditioning of the bicycle on a scale from 1 to 5, with 1 being
“excellent” and 5 being “very poor”.

•

Pad: Assigned a value of 1 if the bicycle rack was underlaid by a concrete surface, 0 if it
was underlaid by a non-concrete surface.

•

Concrete Condition: Physical conditioning of the concrete pad (if applicable) on a scale
from 1 to 5, with 1 being “excellent” and 5 being “very poor”.

•

Fixed: Assigned a value of 1 if the bicycle rack was secured or fastened to the surface, 0
if it was not secured or fastened to the surface.

•

Covered Parking: Assigned a value of 1 if the bicycle rack was covered or protected by
an overhang, 0 if it was not covered or protected by an overhang.

•

Photograph: Photograph of the bicycle rack was taken at the site, and then linked to the
attribute table via a hyperlink.
In bicycle parking studies, the term “condition” can refer both to the physical

conditioning of parking infrastructure and/or the site conditions. The attributes collected during
the course of this study were designed to provide a substantive picture both of the physical
conditions and site conditions of Western Michigan University’s bicycle parking. The rack type,
pad, fixed, and covered parking attributes provide a glimpse into the general site conditions of
campus bicycle parking while the condition and concrete condition attributes provide
information about physical conditioning.
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During the course of the inventory, four different bicycle rack types were located on
campus. These four types were traditional/grid, hoop/inverted-u, wave and t-post style bicycle
racks. The physical conditions of each rack were judged on a scale from 1 through 5 where 1
represented a rack in excellent condition and 5 represented a rack in very poor condition (See
Table 1). Figure 22 provides an example of a rack with a condition grade of 5, and another with
a condition grade of 1. The rack on the left of Figure 22 is missing pieces, is rusty, and is tipping
over while the rack on the right is in pristine condition. This system is similar in nature to the
condition grades assigned during the City of Philadelphia’s 2013 survey, where interns rated the
city’s bicycle parking using condition categories. Unlike that survey, this grading system is based
on five conditioning grades, since it was believed that having more categories would provide a
fuller and more accurate depiction of campus bicycle parking to campus administrators.
Table 1 – Bicycle rack grades on a scale from 1 through 5.

Grade

Condition
1 Excellent
2 Good
3 Fair
4 Poor
5 Very Poor

Description
No visible signs of wear including rust, dents, missing components or vandalism
Minor wear including rust, dents, missing components or vandalism
Some wear, but not yet critical. Could become a bigger problem if not
monitored.
Significant wear and damage, critical. Rack still usable as intended.
Significant wear and damage, critical. Rack may be partially or completely
unusable.
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Figure 22 – A comparison of two different bicycle rack conditions.

In addition to the grading of rack conditions, the surfaces underlying each rack were also
graded on a similar 5 grade categorical scale. This grading was only conducted on concrete
bicycle pads, since concrete has more permanence compared to landscape surfaces, which can
change rapidly making their observed condition values obsolete. The concrete grades were
judged on a scale from 1 through 5 where 1 represented concrete in excellent condition and 5
represented concrete in very poor condition (see Table 2). To my knowledge, this is the first
instance where concrete surface conditions were categorized as part of a bicycle parking study.
Concrete conditions were graded in order to provide campus administrators with an
understanding of extant surfaces, so that they could use that information in future planning
efforts.
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Table 2 – Concrete condition grades on a scale from 1 through 5.

Grade
1
2
3
4

Condition
Excellent
Good
Fair
Poor

5 Very Poor

Description
No visible signs of wear including gouging, cracks, weathering or discoloration.
Minor wear including small gouges, cracks, weathering or discoloration.
Some wear, but not yet critical. Could become a bigger problem if not monitored.
Significant wear and damage, critical. Concrete is unlikely to interfere with cyclists.
Significant wear and damage, critical. Concrete condition could interfere with
cyclists.

The rack conditions were plotted on two maps, one representing East and West Campus and
the other representing outlying areas including Parkview Campus. These maps were analyzed
for trends that might be helpful for planning officials. During the entire course of this study,
over 1000 photographs of bicycle racks were taken on campus. From these photographs, it
became possible to observe other site and rack conditioning issues that might also be impacting
campus bicycle parking. This photographic evidence, though not quantifiable, provides a
supplement to the main findings of the conditioning portion of this study.

Bicycle Theft Assessment
With the knowledge that bicycle theft and parking are linked, and that bicycle theft is
influenced by rack design, it was determined that an analysis of campus bicycle theft would be
needed to provide campus administrators with a more complete picture of the issues facing
bicycle parking on campus. In order to conduct this analysis, references to bicycle theft were
queried from Western Michigan University’s Department of Public Safety crime log, a publicly
available online summary of criminal incidents investigated by the department. Incidents of
bicycle theft can be found dating back to 2014. Each incident of theft within the log has non-

63

geocoded locational attributes associated with it. The span of incidents used for this analysis
started in 2014 and ended in 2017.
Using these locational attributes, it became possible to approximate the locations of
theft on a map of campus and points were manually placed in the vicinity of where the bicycle
theft occurred. Although the nature of the theft logs is such that it is often impossible to tell the
exact location where each theft occurred, the data is rich enough to place a point within close
proximity of the actual incident. By manually plotting these approximated theft points, it
becomes possible to conduct spatial analysis of campus bicycle theft. In the case of this study, a
kernel density map using Silverman’s quartic kernel density algorithm was created for the
campus, demonstrating where the density of bicycle theft is at its highest (see Equation 1). The
kernel density calculation was conducted using ArcGIS for desktop, and the resultant map was
plotted using categorical descriptors instead of density values to make it easier for nontechnicians to make sense of the results.

Equation 1 – Silverman’s quartic kernel density algorithm.

In addition to density analysis, descriptive information about theft and its relationships
with other attributes was generated to provide a fuller picture of the factors influencing bicycle
theft. Photographic observations were also used to supplement this portion of the study.
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Parking Use Estimation using Bicycle Counts
In the American educational setting, bicycle parking counts have been used to estimate
transportation mode share and demand at elementary schools, junior high schools and
universities (Dybalski 1977; Fitch, Thigpen and Handy 2015). The primary limitations of this
method are its practicality in terms of time and resource expenditure (Dybalski 1977). Bicycle
parking counts can be more easily conducted within a limited area using time series
photography (Moskovitz and Wheeler, 2011), but counts conducted over wider areas require
more time and resources to conduct. It is for this reason that previous studies have opted to
survey bicycle parking using volunteers. Due to the relative proximity of bicycle racks at
Western Michigan University, this study breaks with the tradition of using volunteers to collect
data in favor of collection by a single investigator.
No previous studies examining bicycle parking use at Western Michigan University have
been conducted. Without information on bicycle parking use and demand, it is difficult for
planners and campus administrators to make important decisions about the maintenance, and
allocation of parking facilities on campus. Certain areas on campus might be underserved by
the existing parking, while other areas might be overserved. At the very minimum, attaining
bicycle counts from the existing racks on campus should be useful in the allocation of resources
and capital.
Survey Methodology
In order to provide actionable insights for university planners and administrators, it was
determined that all of the bicycle racks at Western Michigan University’s Main Campus would
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need to be counted consistently over a period of weeks to establish parking use trends.
Parkview Campus and other outlying areas were excluded from this study due to logistical
constraints. The campus was divided into two survey groups to ease data collection. Group A,
with a total population of N=77 bicycle racks, was comprised of racks along the Eastern and
Northern fringes of campus. Group B, with a total population of N=52 bicycle racks, was
comprised of racks in the center and along the southern fringes of campus. Group A was
primarily composed of residential and student service buildings, while Group B was composed
of a mix of academic, residential and service buildings.
Before data collection could begin, a standard surveying order was established for each
group. This surveying order was designed to fit within my schedule as a graduate student, and
to expedite the pace of data collection. The surveying order for Group A began at rack 19001 at
the Zhang Legacy Center and ended at rack 14003 at Henry Hall. The total time needed to
survey all of the racks within Group A was approximately 2 hours. The surveying order for
Group B began at rack 15001 at Wood Hall and ended at rack 18802 at the Stadium Drive
Apartment complex. The total time needed to survey all of the racks within Group B was
approximately 1 hour and 45 minutes with some variance. I used an automobile to drive
between East and West campus, but otherwise, the survey work was carried out by walking
between each parking rack.
It was noted during precursor observations that peak bicycle use on campus seemed to
occur before noon on Monday and Wednesday, and in the late afternoon on Tuesday and
Thursday. It was also noted that there were normally equal numbers of bicycles at parking racks
during these times. With these observational insights in mind, a schedule for taking bicycle rack
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counts was developed. Bicycle rack counts would take place daily on Monday and Wednesday
from 10:00 AM EST to 12:00 Noon EST and on Tuesday and Thursday from 3:00 PM EST to 5:00
PM EST. On the first week of bicycle rack counts, Group A would be surveyed on Monday and
Wednesday and Group B would be surveyed on Tuesday and Thursday, each week they would
exchange places. A bicycle parking ledger was printed at the beginning of each day, and rack
counts were recorded on the ledger. Information on precipitation and temperature conditions
were also taken as a part of this count. Scooters, mopeds and skateboards were often observed
as part of this survey, but they were not included in the counts. Bicycles parked illegally on
fixtures or other landscape objects were also not counted as belonging to parking racks. These
counts were uploaded to an excel spreadsheet for analysis. All original survey sheets were
retained for quality control purposes.
It was expected, that if data collection occurred as intended, that raw bicycle parking
counts would be attainable for all 132 bicycle racks on campus. This data could then be
summarized, aggregated and analyzed statistically and visually. Depending upon the data, it
was expected that there would be limitations to the types of statistical analysis that could be
conducted. The raw counts, especially when visualized using graphical representations were
determined to be a useful product for campus planners, while aggregated values could be used
to provide basic descriptive results. A second visual product using adjusted proportions for
traditional racks was also determined to be necessary, since traditional style racks generally can
only support half of their stated capacities. Another important aspect of the bicycle rack counts
would be to determine whether or not the changing of the seasons played a role in bicycle use
on campus. This can be established through simple trend lines and graphing.
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Student and Faculty Questionnaire

As part of this research, a survey of students, staff and faculty was envisioned as a way
to gain feedback about the existing bicycle parking situation on campus and to gauge interest in
potential changes to campus bicycle parking. The intent of the student and faculty surveys was
to gain feedback from at least 40 individuals, half of which would be undergraduate students
and the other half of which would be graduate students, staff and faculty members. By gaining
this feedback, the university would gain an introductory insight into stakeholder perspectives
from which they could further refine their own surveys and planning efforts. Though the survey
does not have a large sample size that is not needed in this instance. The main purpose of a
survey like this is to gauge initial perceptions about bicycle parking. If they are deemed to be
worthwhile, these perceptions can later be used by campus officials in their own wider
surveying efforts.
Two versions of the survey were distributed using SurveyMonkey. One version of the
survey was directed towards undergraduate students, while another version of the survey was
directed towards graduate students, staff and faculty members. For the most part, the surveys
shared the same core group of questions in common with one another, but the survey for
graduate students, staff and faculty asked two additional questions about bicycle lockers. One
of the questions that was asked, tried to gauge whether upper division bicycle users would be
willing to exchange their university parking passes for the right to have a dedicated bicycle
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locker, while another tried to gauge the general interest in secured lockers. The complete list of
survey questions, along with the HSIRB approval can be found in Appendix A.
While the survey does not have wide ranging applicability due to its small sample size,
the results that were received can still be used as a “precursor” survey to future work by the
university. The survey results are helpful for establishing base trends. The results from the
survey were summarized briefly, and descriptive statistics were generated for each survey
question. With less restrictions, and a wider ability to reach students, staff and faculty, it is
hoped that the university itself will build off of this survey by creating their own version of the
survey and distributing it to campus stakeholders.
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CHAPTER V

RESULTS AND ANALYSIS

Bicycle Rack Conditioning Assessment
Following an exhaustive search of the bicycle parking inventory grid, 137 total bicycle
racks were located at East Campus, West Campus, Parkview Campus, Asylum Lake Preserve and
the West Hills Athletic Club. In total, 85 traditional grid style bicycle racks, 37 hoop/inverted-u
style bicycle racks, 10 wave/s-loop bicycle racks and 5 t-post style bicycle racks were found. The
large proportion of traditional grid style bicycle racks on campus is concerning, especially since
traditional racks are not recommended by the APBP. Of the 137 bicycle racks, 82 (59.85%) were
not anchored to the ground while 55 (40.1%) were anchored the surface. All of the racks that
were unfixed were traditional style. This is another serious violation of the APBPs
recommendations for secured parking.
The physical condition grades of bicycles were categorized in accordance with the fivepoint scale discussed in the methodology section of this paper. In total there were 14 racks that
received a grade of 1, 35 racks that received a grade of 2, 32 racks that received a grade of 3, 28
racks that received a grade of 4, and 28 racks that received a grade of 5 (see Figures 23 and 24).
Rack grades 4 and 5 represent 40.8% of the total condition grades on campus, while rack grades
1 and 2 represent 38.68% of the total condition grades on campus. This means that there are
almost equally as many excellent and good quality racks as there are poor and very poor quality
racks.
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Figure 23 – Bicycle rack condition grades at West and East Campus.
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Figure 24 – Bicycle rack condition grades at Parkview Campus, Asylum Lake Preserve and the West Hills Athletic Club.

The majority of racks that were classified as poor or very poor were located on West
Campus, and most were traditional grid style racks. Many of the traditional racks on campus
exhibited signs of extreme wear, including heavy rust, deep dents, missing and bent
components and vandalism. The rust problem on many of the bicycle racks was so extreme that
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the rust was spreading from the racks and beginning to affect the bicycles themselves,
discoloring their frames and components with hues of orange. It was observed on more than
one occasion that people would opt to lock their bicycles on nearby railings, planters and pipes
instead of on traditional racks (for examples, see Figure 25). Many who did lock their bicycles
on traditional style racks did so in avant-garde ways, flipping their bicycles over the racks and
locking the frame from underneath or using the very ends of the racks to lock their bicycles.

Figure 25 – Bicycles parked outside of racks, even when there are racks nearby.

Traditional rack designs by in large are in much worse condition, while hoop/inverted-u
style racks are in much better condition overall. S-loop/wave and t-post style bicycle racks are
generally in moderate condition. It is possible that it is the age of traditional style racks that is
responsible for their overall state of disrepair, or their state could be related to the material
that they are made out of. Out of the 85 traditional style racks on campus, only 5 (5.8%) are
covered and protected from the weather. This could explain why traditional racks are prone to
rust, especially if the material they are manufactured out of is prone to weathering effects.
Most racks, however, are not covered or weather protected in any way, only 4 inverted-u/hoop
style racks are covered and none of the wave or t-post racks are covered. The materials that
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these racks are made out of is different than traditional style racks, which might explain the
difference between their conditioning grades.
Another factor considered as part of this assessment was rack capacity. Most traditional
style racks on campus had built capacities between 15 and 30 bicycles, but this appears to be
an overstatement of their true capacity based on observed bicycle use. Factoring in the
dimensions of modern bicycles, it seems more reasonable to assume that traditional style racks
can only accommodate half of their stated total capacity. Most wave style racks on campus had
built capacities of 10 bicycles. T-post and hoop/inverted-u style bicycle racks had capacities
contingent on the sum of their parts. Each individual unit of a t-post and hoop/inverted u style
rack can hold two bicycles, but t-post racks appeared to be far less intuitive to users, and many
cyclists struggled to lock their bicycles to these racks.
Of the 137 bicycle racks on campus, 106 were underlain by a concrete pad. After
surveying each pad, 64 (60.38%) were assigned a condition grade of 1, 27 (25.47%) were
assigned a condition grade of 2, 10 (9.43%) were assigned a condition grade of 3, and 6 (5.66%)
were assigned a condition grade of 4. None of the concrete pads were observed to be at a
condition grade of 5. Concrete pads on campus were in very good condition overall, and most
that were damaged could be easily refurbished. The remainder of pads on campus were
categorized by landscape type, most of which were grass or gravel. Landscape pads are fluid
and can change depending upon their level of maintenance more easily then concrete pads can.
Grass for instance can be cut, which would affect the condition of the pad. It was for this reason
that landscape pad conditions were not analyzed.
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One additional factor that was observed and captured through photographs was a
general disregard for bicycle racks during snow removal operations (see Figures 26, 27 and 28).
Not only were racks rarely plowed following a snow event, but snow from sidewalks and
roadways was often pushed on top of racks by plows, obscuring them and preventing their use.
This obstruction forced riders to park their bicycles in unsanctioned areas such as plumbing
fixtures, rails and other landscape elements. Many bicycle racks, most disappointingly the highquality hoop/inverted-u style racks also exhibit signs of snowplow damage, suggesting that
racks are not only overlooked during snow removal operations but rather disregarded
completely. Even days after a snow event subsided, it was rare to see racks that were shoveled
or plowed. This is not to say that snowplow operators purposely neglect bicycle parking, but it
seems unlikely that bicycle parking is a part of their training regimen.

Figure 26 – Snow is plowed and piled upon a bicycle rack at the Chemistry Building.
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Figure 27 – An inverted-u style rack covered in snow and damaged by a plow.

Figure 28 –A bicycle forced to park illegally due to a lack of available parking.
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One difficulty that presented itself with this assessment was the lack of knowledge
available about each rack on campus. Without knowing the exact material that a rack is made
out of, or the year it was installed, it becomes difficult to judge the overall durability of each
rack type. If this information had been known, a chi-squared test of independence could have
been conducted to find an association between these variables, condition and rack type.
Without this information it is still possible to make inferences about the different rack types,
but there is some level of doubt in these inferences. Traditional style racks, as an example, are
in wholly worse condition then all of the other campus rack type combined. A general inference
can be made that this parking type is more prone to conditioning issues then the others, but it
could also be that these racks are much older than the other rack types. The wave and pi racks
on campus can be fixed to a certain temporal period based on the age of the buildings they are
located at, but the traditional racks cannot. The traditional racks are not fixed into the ground,
which means that they can be moved and might not have any age-based relationship with the
buildings they are placed at.
Condition does not only refer to physical condition. It can also refer to the general site
characteristics of parking, and whether it is conducive to cycling or not. One other factor that
was examined was capacity. Most traditional style racks have high carrying capacities and take
up little space, while APBP approved style racks tend to have much lower capacities while
taking up more space. Although traditional racks have high built capacities, these are grossly
overestimated. Most modern bicycles cannot fit cleanly into a traditional style rack when there
are already bicycle in the slots on either side, this effectively halves their capacity. When people
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choose to park their bicycles in more secure ways by placing the frame over the traditional rack,
this reduces capacities even further.
The complete inventory of campus bicycle racks can be found in Appendix B of this
document.
Bicycle Theft Assessment
Between 2014 and 2017 there were 168 total reported incidents of bicycle theft on
Western Michigan University’s campus (see Figure 29). This number does not include incidents
that happened in the vicinity of campus or incidents that were not reported to campus law
enforcement officials. Therefore, the true number of thefts is likely slightly higher than the total
number found by searching the crime logs. There were 54 bicycle thefts reported in 2014, 39
thefts reported in 2015, 22 thefts reported in 2016 and 53 thefts reported in 2017. These theft
figures include thefts that occurred at the Elmwood Apartment Complex, a now defunct
residential community that was torn down to make way for new development. 127 (75.59%) of
the thefts that occurred were at or in the vicinity of a residential building, while only 41
(24.40%) thefts were at or in the vicinity of a non-residential building.
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Figure 29 – A map showing the total number of theft incidents on campus, approximated and added as points.

Using Silverman’s quartic kernel function, a theft density map was created for campus.
The default output values for this function were in square kilometers and were classified using
Jenk’s natural breaks method with four classes. Areas on campus where no theft occurred at all,
and where no density was computed were assigned a value of 0 and were not displayed in the
resultant output raster. The other four classes were 139.234 – 326.897 km x km (low), 326.898
– 581.151 km x km (moderate), 581.152 – 895.942 km x km (elevated), and 895.943 – 1,543.68
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km x km (very high). The categorical labels of “low”, “moderate”, “elevated” and “very high”
were assigned to these values in order to ease visualization and make it easier for nontechnicians to understand the theft density trends on campus. The resultant theft density map
is shown in Figure 30.

Figure 30 – A theft density map of campus based on kernel density estimates.
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The map shows four very high areas of theft on campus centered around Rood Hall,
Henry Hall, the Burnham/Draper/Davis residential complexes and the Western View
Apartments. Three additional elevated areas of theft are centered at the Goldsworth Valley
residential complex and in a strip that includes the Student Recreation Center, Bernhard
Center, and the Western Heights apartments. The bicycle racks at many of these locations are
out of sight of pedestrians, which limits their surveillance especially during off-peak hours. The
results from the theft density mapping support the summary statistics and provide visualization
that supports the idea that theft at residential parts of campus is more severe than theft at
non-residential parts of campus.
With 25 theft incidents, the Western View Apartments experienced more theft incidents
than anywhere else on campus between 2014 and 2017. The theft problem at this residential
complex is so severe that during the beginning of the 2018-19 school year, an entire bicycle
rack (rack 16103) was stolen from the complex and never replaced. There are a number of
factors that may explain the theft situation at this location. Firstly, all of the bicycle racks at
Western View are easily accessible from the complex’s parking lots, allowing would-be thieves
the opportunity to pull their vehicles up directly to the racks and get away quickly. Another
factor might be the design of the rack elements at Western View themselves. All of the racks at
the complex are wave-style bicycle racks, a non-APBP recommended design that does not allow
a bicycle to be locked by a u-lock in two places. Despite the fact that the complex opened in
2013, and that the APBP guidebook recommendations were well known at the time, these
unsecured racks were for chosen over more secured options. The propensity of theft at
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Western View suggests that campus officials might need to completely replace the bicycle
parking at the site or install additional security measures in existing parking areas.
The Burnham/Draper/Davis residential theft density hot spot is the largest in terms of
area on campus, spanning three residential buildings and the now defunct Elmwood
Apartments. Like the bicycle parking at Western View, the bicycle parking at this complex is also
easily accessible to automobiles via side streets and parking lots. One major difference between
the Burnham/Draper/Davis neighborhood and Western View is that the presence of traditional
grid style bicycle racks, instead of wave style racks. Like wave racks, traditional grid racks are
not APBP recommended. These racks do not allow for frame locking or two points of secured
contact, making them an easy target for thieves. An additional factor that might influence theft
at these buildings is the location of the racks themselves, a few of the racks in this complex are
tucked into dark alcoves that are not easily visible to bystanders or building staff. One rack (rack
15304) is located behind a dumpster, for instance, while two others are partially obscured by a
canopy. It is possible that if the racks at this complex were placed at highly trafficked main
entrances, it may cut down on theft.
The theft density hot spot at Henry Hall is the smallest “very high” theft location in
terms of area. There are only two traditional style bicycle racks at Henry Hall, and both of them
were observed to be at or over their carrying capacity on more than one occasion. The racks at
this building are convenient to a large adjacent parking lot and fail to meet APBP guidelines.
The situation is similar at Rood Hall, the only non-academic building to have a “very high” theft
density rating. The racks at Rood Hall are not APBP recommended and are convenient to a
nearby side street. A similar situation also exists at the Goldsworth Valley residential complex,
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where an elevated theft area was calculated. Three racks at Goldsworth Valley in particular
(racks 11101, 11102, 11103) are located on a dark pad across the street from Hadley Hall, the
closest residential building. A small access road in a nearby neighborhood allows would be
thieves the opportunity to easily access these bicycle racks. During the course of the Fall
Semester 2018, theft was observed and photographed at these bicycle racks on more than one
occasion.
In total, 127 of the 168 bicycle thefts on campus or 75.59% of the thefts, occurred at
buildings where non-APBP recommended rack designs are the predominant parking type. Only
41 thefts, or 24.4% of the total thefts, occurred at buildings where APBP recommended rack
designs are the predominant type. This strongly suggests that there is a relationship between
theft and rack type, just as there appears to be a relationship between building type and theft.
Working with approximated theft locations means that the exact theft density areas
may vary slightly depending upon how their points were approximated. In this case, points
were approximated at bicycle racks adjacent to the buildings unless noted otherwise, but there
are some instances where it was possible that a bicycle might have been parked onto another
landscape object or inside a building at the time it was stolen. Due to the vagueness of some of
the locational attributes within the crime log, it is possible that some of these points were missapproximated. Another shortcoming is that theft incidents, and not the actual number of thefts
that occurred was used for this study. In a single incident, it is possible that more than one
bicycle was stolen but determining that information was dubious at best from the crime log.
The density results could have varied if they were based on the number of bicycles stolen as
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opposed to number of theft incidents. Despite these shortcomings, it is hoped that the theft
analysis demonstrated here will be useful for the campus community.

Parking Use Estimation using Bicycle Counts
Bicycle parking counts began as expected on October 1st, 2018 and lasted until
December 4, 2018. Throughout the entire data collection process, logs were collected, and then
uploaded into a central spreadsheet for further analysis. Data collection occurred normally, but
there were a few days when data collection did not occur due to holidays, breaks or scheduling
conflicts. In total, bicycle rack counts were collected on 15 occurrences for Group A and 16
occurrences for Group B.
With a maximum count of 296 bicycles recorded on October 1st, and a minimum count
of 151 bicycles recorded on December 4th, Group A bicycle counts showed a consistent decline
throughout the survey period (see Figure 31). This corresponds with the changing of the
seasons on campus, and the transition to colder and wetter winter weather. The mean number
of bicycles counted was 230.6, with a median value of 237. There were 7 total bicycle racks at
which no bicycles were observed throughout the entire survey period, the majority of these
racks were located on East Campus. The bicycle racks with the highest counts were
concentrated at residence halls. At many of residential buildings, the bicycle racks were
overflowing with bicycles. The problem was severe enough to cause some cyclists to park their
bicycles in unsanctioned areas.
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Figure 31 – A simple line plot showing Group A bicycle counts between October 1st and December 4th.

With a maximum count of 145 bicycles recorded on October 2nd, and a minimum count
of 54 bicycles recorded on December 3rd, Group B counts also declined as the fall semester
progressed (see Figure 32). The mean number of bicycles counted was 108.375, with a median
value of 115.5. There were 3 total bicycle racks at which no bicycles were observed throughout
the entire survey period, but most bicycle racks saw at least marginal use. The bicycle racks
with the highest counts were concentrated at residence halls and large lecture halls. Like in
Group A, at many of these locations, the bicycle racks were often overflowing with bicycles.

85

Figure 32 – A simple line plot showing Group B bicycle counts between October 2nd and December 3rd.

In order to visualize the extent of bicycle rack use on campus, the mean bicycle count
for each rack was plotted on a map as a proportion of the total rack capacity of the rack. This
visualization allows campus officials to visualize the use of a rack relative to its intended
carrying capacity. Three maps were created using the collected data. These maps show the
Goldsworth Valley Complex, West Campus and East Campus (see Figures 33, 34, and 35). Since
rack counts were not collected at Parkview Campus, the Asylum Lake Preserve or the West Hills
Athletic Club, these locations were excluded from this analysis.
The resulting plots paint a picture of low cycling use on campus, relative to rack
capacity. This, however, is not a true representation of the situation on the ground. As it was
previously noted in the conditioning portion of this section, traditional grid style bicycle parking
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often fails to support its built bicycle carrying capacity due to design flaws. The actual number
of bicycles that these racks can support is approximately half of their built capacity based on
over 1000 images of campus bicycle parking. With this reality established, adjusted proportion
maps with halved traditional grid rack capacities were also created for the campus, to provide a
more accurate depiction of the parking situation (see figures 36, 37, and 38). None of the
capacities were changed at other rack types for the adjusted proportions analysis.
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Figure 33 - Mean counts of bicycles compared to rack capacities in the Goldsworth Valley region of West Campus.
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Figure 34 - Mean counts of bicycles compared to rack capacities in central West Campus.

89

Figure 35 - Mean counts of bicycles compared to rack capacities in East Campus.
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Figure 36 - Adjusted mean counts of bicycles compared to rack capacities in the Goldsworth Valley region of West Campus.
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Figure 37 - Adjusted mean counts of bicycles compared to rack capacities in central West Campus.
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Figure 38 - Adjusted mean counts of bicycles compared to rack capacities in East Campus.
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Using adjusted proportions analysis, it was found that two bicycle racks on campus have
mean counts that exceed the total capacity of their racks. Expressed as a proportion out of 1,
where 1 represents full capacity, rack 10601 at Goldsworth Valley III had a score of 1.47/1.00.
This score is indicative of extreme overcrowding. Rack 14003 at Henry Hall had a score of
1.19/1.00 which also represents an overcrowding state. Images of these racks support these
scores. Bicycles were often observed to be tangled up with one another, locked to each other
and falling over (see Figures 39 and 40). Other racks in the vicinity of these overcrowded racks
were observed to be close to capacity on numerous occasions. Rack 10602, the neighbor to
10601 had a proportion score of .90/1.00 which indicates that it was nearly full most of the
time. Rack 14002, the neighbor to 14003, had a proportion score of .86/1.00. On certain days,
these racks were as crowded if not more crowded than their neighbors.

Figure 39 – Rack 10601 at Goldworth Valley III, which was often overburdened with bicycles.
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Figure 40 – Bicycles parked at Henry Hall, the racks at Henry Hall were often at or over their carrying capacity.

In general, it was residential bicycle racks that had higher adjusted use proportions of
.50/1.00 or greater when compared to other bicycle racks on campus. What is perhaps more
significant is the number of bicycle racks that saw little or no use at all. A total of 54 bicycle
racks, or 41.86% of the racks that were surveyed had adjusted use proportions of .10/1.00 or
less. The majority of these racks were located at academic buildings and on East Campus,
where cycling use was negligible compared to West Campus. Looking towards the future,
campus planning officials may want to consider whether it is worth it or not to replace these
racks or upgrade parking in these areas, since their use is so marginal. A complete table of
proportions can be found in Appendix C, along with multiplots that show the rack counts over
time for each rack on campus.
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There are some limitations to the results and types of analysis that can be conducted
with these bicycle rack counts. The biggest limitation is that they only represent the Fall
Semester and are not inclusive of the Spring or Summer Semesters, which may have different
use rates. This makes conducting correlation analysis and creating regression models difficult
for this data since it represents only a portion of the year and is not a normalized distribution
spread over the course of an entire school year. This lack of normalization also makes
inferential statistical analysis unfeasible. None the less, the descriptive results and use
proportions from this portion of the study will hopefully be useful for campus administrators.
It is possible that there are many more people on campus who want to ride a bicycle,
but a lack of available parking is discouraging to them. This may be the case at residence halls,
especially the ones with higher use rates. A lack of safe bicycle ways on and in the vicinity of
campus may also preclude people from taking up cycling. These are potential hinderances that
are worthy of future study.

Student and Faculty Questionnaire

The following is a basic descriptive summary of the results of the student and faculty
questionnaire survey that was distributed on campus between the months of February and
April, 2019. Although preliminary conclusions and insights can be drawn from this
questionnaire, additional survey work with a larger sample size would likely yield more
meaningful results and limit the potential for sampling errors. These results are helpful for
establishing baseline information about campus bicycle parking, but further surveying needs to
96

be conducted to gain additional meaningful insights. Conducting a wider survey in the future
would also ensure a sample that is demographically balanced.
The way that each question was numbered varies slightly between each survey, the
results presented here use question numbers from the undergraduate version of the survey
until question 12.

•

Question 1 – I am a Western Michigan University _________?

The results for this question found that out of a sample of N=40 people surveyed, that
18 of those surveyed were undergraduate students, 11 were graduate students, 7 were
faculty members and 4 were staff members. This represents a distribution that would be
expected for this type of survey. Since undergraduate students are the predominant group
on campus, it makes sense that they would also be the most surveyed group, followed by
graduate students, followed by faculty and then staff.
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Occupational Status of Participants
Undergraduate Student

Graduate Student

Faculty Member

Staff Member

10%

18%
45%

27%

Figure 41 – Pie chart showing results for question 1 of the questionnaire.

•

Question 2 – What is your age range?

Four age ranges were provided for this question. These age ranges were 18-24, 24-40,
41-60 and 61 or greater. People under the age of 18 were precluded from participating in
the survey. The results found that out of a sample of N=40 people, that 23 people were
between the ages of 18 and 24, 12 people were between 24 and 40, 3 people were
between 41 and 60, and 2 people were 61 or greater. The results from this question
indicate that a younger audience engaged with this survey in substantially greater numbers
than the older cohort of campus stakeholders.
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Age Range of Those Surveyed
18-24

24-40

41-60

61 or greater

5%
8%

30%

57%

Figure 42 – Pie chart showing results for question 2 of the questionnaire.

•

Question 3 – Do you use the on-campus bicycle racks to park your bicycle?

This question provided three potential answers to those who were surveyed; “Yes”,
“No” and “No, I park my bicycle elsewhere”. Out of a sample of N=40 people, 32 indicated
that “Yes” they do park their bicycle on campus while 5 indicated “No”, that they do not
park their bicycle on campus, and 3 people indicated that they park their bicycle elsewhere.
What this establishes is that most of the people who participated in the survey use campus
bicycle parking regularly, while a small portion of people use some alternative. Some people
may have also used bicycle parking in the past, but no longer choose to do so.
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Use of Campus Bicycle Parking by Participants
Yes

No

No, I park my bicycle elsewhere
8%

12%

80%

Figure 43 – Pie chart showing results for question 3 of the questionnaire.

•

Question 4 – On a scale from 1 to 5, with 1 being "very poor" and 5 being "very good",
how would you rate the physical condition of campus bicycle racks?

This ranked scale question, with Likert-like ends, attempted to gauge the overall
perception of bicycle parking condition grades on campus. As the previous section of this
results analysis indicated, a significant portion of campus bicycle parking is in poor maintenance
condition and uses non-APBP recommended rack infrastructure. This question represents an
attempt to see whether campus stakeholders agree that the bicycle parking has shortcomings,
or if they believe that it is up to par. Out of a sample of N=40 people, 14 people classified the
parking with a score of “1”, indicating that they find the campus bicycle parking to be “very
poor”. There were 9 survey respondents who classified the bicycle parking with a score of “2”,
12 survey respondents classified who classified it with a score of “3”, while only 4 respondents
classified it with a score of a “4” and 1 respondent classified it with a “5” indicating that they
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find the parking to be in “very good” condition. These results indicate that of the sample, most
people believe that bicycle parking is in average or poor conditions, and that the minority of
those surveyed believe that parking is in good condition.

Bicycle Parking Conditioning Ratings
1 (Very Poor)

2

3

4

5 (Very Good)

3%
10%
35%

30%

22%

Figure 44 – Pie chart showing results for question 4 of the questionnaire.

•

Question 5 – On a scale from 1 to 5, with 1 being "very hard" and 5 being "very easy",
how would you rate your ease of finding places to park your bicycle on campus?

This ranked scale question, with Likert-like ends, attempted to gauge the accessibility of
bicycle parking on campus. Out of a sample of N=40 participants, 4 participants classified the
ease of finding bicycle parking with a score of “1” indicating that they find it “very hard” to find
bicycle parking on campus. 5 people classified the ease of finding parking with a score of “2”, 12
people classified it with a score of “3”, and 15 people classified it with a score of “4”. Only 4
people classified the ease of finding parking with a score of “5”, indicating that they find it “very
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easy” to find parking. At least within this pool of participants, most people were somewhere
between “very hard” and “very easy” when it comes to the ease of finding bicycle parking.

Ease of Finding Parking
1 (Very Hard)

2

3

4

5 (Very Easy)

10%

10%

12%

38%

30%

Figure 45 – Pie chart showing results for question 5 of the questionnaire.

•

Question 6 – On a scale from 1 to 5, with 1 being “very worried” and 5 being “not at all
worried”, how worried are you that your bicycle might be damaged, stolen or
vandalized while it is parked at a university bicycle rack?

This ranked scale question, with Likert-like ends, attempted to gauge concerns about
bicycle theft and vandalism on campus. The previous section of this results found dense areas
of theft on campus, especially at residential buildings. Out of a sample of N=40 participants, 13
participants classified their concerns with a score of “1” indicating that they are “very worried”
that their bicycle may be damaged or stolen while it is parked at a university bicycle rack. 11
people classified their concerns with a score of “2”, 6 people classified them with a score of “3”,
and 8 people classified them with a score of “4”. Only 2 people classified their concerns with a
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score of “5”, indicating that they are “not at all worried” about their bicycle being stolen or
damaged at university bicycle parking. More than half of those who participated in this
question indicated that they were concerned about their bicycle being stolen or damaged.

Worry about Bicycle Theft or Damage
1 (Very Worried)

2

3

4

5 (Not at all Worried)

5%
20%
32%

15%
28%

Figure 46 – Pie chart showing results for question 6 of the questionnaire.

•

Question 7 – Does a lack of covered bicycle parking on WMU’s campus make bicycle riding
uncomfortable for you during snow and rain events?

This ranked scale question, with Likert-like ends, attempted to gauge cycling comfort on
campus during inclement weather events. Out of a sample of N=40 participants, 24 participants
classified their comfort with a score of “1” indicating that they are “very uncomfortable” using
bicycle racks during snow or rain events. Seven people classified their comfort with a score of
“2”, 6 people classified their comfort with a score of “3” and 3 people classified their comfort
with a score of “4”. Not a single participant classified their comfort with a score of “5”,
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indicating that they are “not at all uncomfortable” using campus bicycle parking during rain and
snow events. These results show that an overwhelming majority of the pool of survey
participants find using campus bicycle parking uncomfortable during rain and snow events.

Comfort Level During Rain and Snow Events
1 (Very Uncomfortable)

2
8%

3

4

5 (Not at all Uncomfortable)

0%

15%

17%

60%

Figure 47 – Pie chart showing results for question 7 of the questionnaire.

•

Question 8 – Do you agree or disagree with this statement: “Western Michigan University
does a satisfactory job of maintaining, securing and updating bicycle parking on campus.”

This ranked scale question, with Likert-like ends, attempted to gauge whether
participant disagreed or agreed that the university does a good job maintaining bicycle parking.
Out of a sample of N=40 participants, 13 participants “strongly disagreed” with the framed
statement, giving the university a score of “1”. 12 people classified their level of agreement
with a score of “2”, 9 people classified their level of agreement with a score of “3” and 3 people
classified their level of agreement with a score of “4”. 3 participants “strongly agreed” that the
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university does a satisfactory job of maintaining bicycle parking and gave the university a score
of “5”. While quite a few participants believe that the university is not doing a satisfactory job
of maintaining bicycle parking, there is a moderately sized minority that at least partially
believes that the university is doing a satisfactory job.

Agree or Disagree that the University is Satisfactory in its
Bicycle Parking Maintenance.
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

8%
8%
32%

22%

30%

Figure 48 – Pie chart showing results for question 8 of the questionnaire.

•

Question 9 – Do you agree or disagree with this statement: “If covered and secured bicycle
parking options were made available at central points throughout WMU’s campus, I would
opt to use them, even if they were not immediately convenient to my destination.”

This ranked scale question, with Likert-like ends, attempted to gauge whether
participants would use covered bicycle parking even if it were not close to their destination. Out
of a sample of N=40 participants, 5 participants “strongly disagreed” with the framed
statement, giving the university a score of “1”. 3 people classified their level of agreement with
a score of “2”, 8 people classified their level of agreement with a score of “3” and 14 people
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classified their level of agreement with a score of “4”. 10 participants “strongly agreed” that
they would use centrally available covered and gave the idea a score of “5”. More than half of
those surveyed indicated that they would be interested in using centrally located covered
bicycle parking.

Agree or Disagree that Participant Would Use Covered
and Centrally Located Bicycle Parking.
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

12%
25%

8%

20%
35%

Figure 49 – Pie chart showing results for question 9 of the questionnaire.

•

Question 10 – Which would you prefer for bike parking?
This question allowed participants to choose bicycle parking options that they felt best

fit their need, or to suggest their own. Participants were allowed to select multiple bicycle
parking types in their answer. Out of a sample size of N=40, 25 people indicated that they
preferred “bike racks in front of buildings”, 12 people indicated that they preferred “Secured
fenced bike corrals in central location(s) on campus, twenty people indicated that they
preferred “covered bike racks in central location(s) on campus, 13 people indicated that they
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preferred “bike lockers in central locations on campus” for a daily rental and 13 people
indicated that they preferred bike lockers that were rentable by term or year. Nobody
suggested any alternatives of their own. These results indicate that while most people prefer
convenience over comfort, there are a wide range of opinions on campus parking, and that
different parking types might meet the needs of users differently.

Parking Type Preference
Bike locker in central location on campus rental by term or year
Bike locker in central location on campus daily rental
Covered bike racks in central location(s) on
campus.
Secure fenced bike corral in central
location(s) on campus.
Bick Rack in Front of Building
0

5

10

15

20

25

30

Figure 50 – Bar chart showing results for question 10 of the questionnaire.

•

Question 11 – What, if anything, would you change about the bicycle parking on WMU’s
campus?

This open-ended question allowed participants to share comments about what changes
they would like to see made to bicycle parking at the university. Their feedback is provided in
Appendix D of this survey. In general, users expressed a disappointment with the condition of
campus bicycle parking, with many pointing out that they do not care for the types of racks
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used on campus. Users also expressed a desire to have covered parking and enhanced security
features. Though not specifically about parking, some users also indicated that they felt unsafe
riding on campus due to a lack of safe bicycle lanes.

•

Question 12 – If given the option, would you opt to park your bicycle in a secured bicycle
locker?

This yes or no question was provided only to graduate students, staff and faculty
members. As such, it has a smaller sample size of N=22. While interesting as a preliminary
outlook into the opinions of campus members, the results for this question likely lack statistical
significance due to the small number of participants who answered the question. Twenty
people indicated that if they were given the option to park their bicycle in a secured locker, that
they would. Only 2 people indicated that they would not. If this question is asked on a wider
survey in the future, it might also be helpful to ask users about the cost of their bicycle. Users
with more expensive bicycles might be more likely to use lockers, then users with cheaper
bicycles.

108

Would Opt to Park their Bicycle in a Secured Locker if
given the option.
Yes

No

9%

91%

Figure 51 – Pie chart showing results for question 12 of the questionnaire.

•

Question 13 – Would you be willing to exchange your university parking permit for the
opportunity to have to a secured bicycle locker?

This yes or no question was provided only to graduate students, staff and faculty
members. As such, it has a smaller sample size of N=22. While interesting as a preliminary
outlook into the opinions of campus members, the results for this question likely lack statistical
significance due to the small number of participants who answered the question. The results
from this question were split. Nine participants indicated that they would exchange their
parking pass for the opportunity to have a bicycle locker, while 13 indicated that they would
not be willing to exchange their parking pass. This interesting question deserves further follow
up from university officials to determine whether there would be an interest in exchanging
motorized transportation for cycling which is healthier and more sustainable. If this question is
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asked again in a future survey, it should also be asked whether the bicycle rider is a full time or
part time commuter, as this may have a bearing on their position.

Would Exchange Parking Permit for Bicycle
Locker
Yes

No

41%

59%

Figure 52 – Pie chart showing results for question 13 of the questionnaire.
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CHAPTER VI
PLANNING RECOMMENDATIONS

Using the results and analysis from this study, planning recommendations were
developed to be used by university officials in their future planning efforts. These
recommendations are intended to provide guidance and insights to the university planning
community, but these recommendations do not amount to a plan in and of themselves. Any
work that is conducted on campus using these recommendations should follow standard
planning practices and procedures.
Maintenance Recommendations
Bicycle Rack Conditioning
Rack types and physical condition grades were found to be associated with one other.
This research found that close to 40% of bicycle parking on campus is in a “poor” or “very poor”
state, and that many other bicycle racks are on a trajectory towards these negative grades.
Bicycle racks are infrastructure investments and deserve to be treated as such. These simple
maintenance recommendations are designed to help moderate the effects of weathering and
damage on bicycle parking areas and their surrounding environs, while also taking into
consideration the time and resource expenditure of the university.

•

Recommendation 1 – Recondition or replace bicycle racks with a condition grade of 2
and 3, before they become burdensome maintenance undertakings.
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There were 67 bicycle racks that were categorized with the condition grades of 2 and 3
as part of the bicycle parking conditioning assessment of this report. Most of these racks
had minor wear and damage that is easily repaired. Some examples of these maintenance
issues include patchy rust, chipping paint, scratches and loose rack elements. If the
university invests time and effort each year to keep these maintenance problems under
control, then it could help to prevent a situation where new bicycle parking has to be
procured on a frequent basis. By extending the life of the existing bicycle racks, especially
the inverted-u racks, the university can focus capital into other aspects of transportation
and bicycle parking. In certain instances, it may also be cheaper to replace a rack instead of
fixing it. In this situation, the university should replace the rack before it becomes an
eyesore or has issues with functionality.
•

Recommendation 2 – Survey bicycle parking at least once a year to get ahead of
potential maintenance issues.

There are 137 bicycle racks on campus, spread over a wide area. It would be very
difficult for maintenance and landscape technicians to keep a close watch over the entirety
of this infrastructure. This lack of attention could lead to situations where maintenance
issues are not found until they have already become critical. In order to subvert these major
maintenance challenges before they arise, a yearly inventory of bicycle parking could be
conducted by university officials. This could be conducted by technicians who are already in
the field working on other projects, to save time and work more efficiently. Any
maintenance issues that are found could be noted and fixed before they grow into larger
problems. A secondary benefit of annual bicycle parking inventories is that they might help
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to identify stolen or missing infrastructure. In the Fall Semester of 2018, two bicycle racks
disappeared from campus at the Western View Apartments and the Larsen Ice Arena.
Without knowledge about where the campus bicycle racks are, and what they look like, it
may become more difficult for administrators to identify the stolen racks and make
insurance claims for their value.

•

Recommendation 3 – Ensure that new infrastructure is closely monitored, and that
maintenance procedures are developed to keep bicycle parking in good condition.

As the university invests in new bicycle parking options, including bicycle lockers, it will
become important for school officials to ensure that their investments are adequately
maintained. The bicycle parking conditioning assessment of campus found a number of
racks with severe issues that seem to indicate that they were unmaintained for a significant
period of time. Early feedback from the campus community also indicates that there are
negative perceptions about the way that bicycle parking is currently maintained by the
university. It is important to bear in mind that bicycle parking is an investment, just as
parking garages and roadways are, if there is no effort to upkeep them then they will
deteriorate. Allowing bicycle parking to deteriorate, is not a good use of the university’s
resources. The university should develop standardized maintenance checklists for new and
existing bicycle parking. Building coordinators, who already work in conjunction with the
university’s facilities and landscape services staff should be trained to inspect their bicycle
parking to ensure that it is in good shape. Bicycle parking maintenance issues should be
treated no differently than any other “fix it” requests on campus. If the university shows
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that it is actively involved in upkeeping its investments, then this will hopefully also lead to
better perceptions of the university by student and staff cyclists.
Snow Removal
Photographic evidence and survey results, while limited, provide evidence that bicycle
racks are not plowed or maintained during the winter. Evidence of snow plow damage has also
been observed at multiple bicycle racks on campus. These issues demonstrate that the
university might need to consider amending their current snow removal procedures to be more
inclusive of bicycle parking. While rack counts indicate that cycling usage drops off as the Fall
Semester progresses and winter arrives, bicycle parking is used throughout the year. The
following recommendations are simple and straightforward procedures that can help to
alleviate the effects of weather on bicycle commuters, while causing little additional hardship
to the employees of the university.

•

Recommendation 1 – Do not pile snow on top of bicycle parking.

As a matter of practice, employees should not pile snow on top of bicycle parking while they
are clearing sidewalks, parking lots and roadways. The current university plowing procedures
rightfully place an emphasis on plowing motor vehicle passages and pedestrian footpaths over
bicycle infrastructure. Intuitively, this makes sense, since bicycle usage is significantly reduced
during winter weather. During the process of snow removal, however, there is no credible
reason for snow to be pushed on top of bicycle parking. When there are mounds of snow on
top of bicycle racks, it creates a situation where the racks become completely unusable for
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cyclists. It may also contribute to rack conditioning issues. If the university makes it a priority to
clean off bicycle racks, then it may encourage people to ride their bicycles even in the winter.
Other winter campuses like the University of Wisconsin and University of Minnesota see
frequent bicycle use even during the winter, these campuses also put a greater emphasis on all
seasons bicycle use. The university needs to do more to encourage all seasons bicycle use
among Western Michigan students and employees. Plowing snow around bicycle parking would
be a good step in the right direction. When snow is removed, it needs to be completely
removed from all sides of the parking. If there is snow on the back end of a rack, it may still
prevent its use. The use of deicer may also be justified in certain instances, to ensure the safety
of students who are parking at the rack.

•

Recommendation 2 – Have volunteers or building staff clean off bicycle parking.

There are 137 bicycle racks on campus, and it would likely be quite cumbersome to plow all
of them. Rather than expend resources on bicycle racks that are seldom used, even during nice
weather, university officials should prioritize a core group of more frequently used racks for
plowing. Other bicycle racks on campus can be shoveled through the use of volunteers or
building staff. Each academic building on campus has a building administrator, and each
residential building has a hall director. These individuals could have their employees clean off
the bicycle parking at their building, or they could find volunteer help. Most buildings only have
a few bicycle racks, and it would not be extremely cumbersome for volunteers or employees to
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clean them off. This would free up landscape officials to focus on plowing and cleaning up
heavily trafficked areas.

•

Recommendation 3 – Familiarize plow drivers with bicycle racks before the first major
snow event of the winter season.

In order to prevent damage to bicycle racks, snow plow drivers need to be made more
cognizant of bicycle rack locations. While this can be accomplished using mobile or print maps
as a guide, plow drivers should also be made to survey their respective snow removal zones
before the first snowfall of the year. During heavy snow events, it might be impossible for
drivers to visually locate bicycle parking areas. By having them locate the racks ahead of time,
they might be able to visually memorize where parking is located within the landscape. It is
hoped that by having a visual of the landscape, snow plow drivers will have less of a risk of
colliding with bicycle parking during the snow removal season.

Anti-theft Measures
The campus bicycle theft analysis conducted as part of this research found that 168
reported bicycle theft incidents occurred on campus between 2014 and 2017, and that 75.59%
of these thefts occurred at residential buildings. The majority of bicycle theft occurred at
buildings where APBP recommended bicycle parking infrastructure is not the predominant
type. These statistics demonstrate that certain anti-theft measures need to be enacted to
ensure the safety of student, staff and faculty property. The following recommendations are
inexpensive solutions that provide temporary solutions to help alleviate these theft problems.
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These recommendations are primarily aimed to provide additional security in the near term,
while university officials work to install long term bicycle parking theft solutions.

•

Recommendation 1 – Install warning signs near bicycle racks, especially at residence
halls.

Studies have shown that the use of inexpensive signage can be effective in deterring theft.
The bicycle parking theft analysis of campus found the bicycle theft is most densely
concentrated in residential complexes. Most residential complexes on campus feature
unsecured non-APBP recommended bicycle parking infrastructure. Replacing this infrastructure
will likely take time, input from the wider university community, and significant capital
investment. While this process is ongoing, installing simple anti-theft signage might help to
partially alleviate the burden of theft and the fears of students and faculty. Anti-theft signage
can let potential thieves know that they are “being monitored”, whether they actually are or
not. Anti-theft signage should also be installed on new parking infrastructure as it is installed. In
areas where theft is a very serious concern, the university should invest in actual surveillance
equipment to monitor the bicycle parking.

•

Recommendation 2 – Provide education to students on how to properly lock their
bicycles using a u-lock, or a high-quality cable lock.

U-locks are among the safest type of bicycle lock available, but their use among the wider
student body appears to be tepid at best based on over 1000 photographs that were taken
during this study. While the Office of Sustainability does offer guidance to students through its
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Open Bike Shop program, students who do not make use of this service might be unaware of
how to properly lock their bicycles. It is therefore recommended that residence hall staff should
provide an introductory lesson on bicycle parking to students living within their residence halls
so that a wider audience can benefit from this instruction. If more students are aware about
how to properly secure their bicycles using campus bicycle racks, then theft rates may decline.
Students should also be educated about different lock types, and the university could even sell
high quality locks to ensure that their bicycles are not stolen. Through the Office of
Sustainability, educational materials about cycling, lock types, bicycle parking and bicycle routes
could also be provided to students. These materials could be distributed at residence halls and
during new student orientation.

•

Recommendation 3 – Provide fencing around bicycle parking when it is feasible to do so,
especially in high crime areas.

When bicycles are left parked outside overnight at short term parking racks, they are more
susceptible to theft. Presently, none of the bicycle parking on campus meets long-term parking
standards due to a lack of security. Installing economically priced chain link fencing around
some of the most susceptible bicycle racks would create long-term parking zones at a relatively
inexpensive cost to the university. This method would work best in areas that see high use, high
theft rates, and where more than one bicycle rack is present. Students could be provided with a
key or key code to access the fence to retrieve their bicycle. This would allow the university to
make use of current infrastructure without having to provision new parking racks in the short
term, while better rack options are researched and presented to the university community. The
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majority of students, staff and faculty who participated in the limited survey of bicycle parking
indicated that they were worried about their bicycles being damaged, stolen or vandalized. By
providing fencing, this could help to mitigate these concerns.

Infrastructure Replacement Recommendations
At Academic and Student Service Buildings
•

Recommendation 1 – Replace traditional style parking racks on West Campus with APBP
recommended parking racks.

Starting with the most used parking areas, gradually replace traditional style parking
racks with APBP approved infrastructure. When choosing new bicycle racks, the university
should put a major emphasis on choosing racks for their functional values over their ascetic
values. While aesthetically unique racks like the “t-style” units at the Student Recreation Center
may meet APBP recommendations, their unintuitive design makes them confusing for cyclists,
and can still lead to their improper use. The industry standard for short term parking is the
inverted-u style parking rack, and these racks are well understood by most cyclists. Logically,
inverted-u style racks would be one of the strongest replacement options for academic areas.
They would provide student cyclists with additional security and peace of mind, while also
reducing the maintenance requirements of traditional style racks.
Most stakeholders who participated in the precursor survey that was conducted as part
of this research expressed an interest in having bicycle parking both in front of buildings and in
centrally located places. While the university should follow up on this survey and reach out to a
wider audience, the university should not feel uncomfortable about spreading out bicycle
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parking and providing both centrally located options and options closer to academic buildings.
In areas where there is limited space, it may be difficult for traditional style racks to be replaced
with inverted-u style racks without moving the racks to a more open area. In areas like these, it
may make more sense to replace the traditional style racks with higher quality, and better
designed versions of the same. This should be done sparingly though, in areas where conditions
preclude the use of other racks. The university should review each site carefully, taking the rack
use of the area into consideration, and then should decide the exact number of racks that need
to be installed and where they need to be installed.

•

Recommendation 2 – Install bicycle lockers in centrally located areas near academic
buildings, charge a small fee for their use.

A very small sample of graduate students, staff and faculty found were split over
whether they would be willing to exchange their parking permits for the right to have a
dedicated bicycle locker. The sample was too small to be representative of campus, and more
follow up needs to be conducted on that question. There does, however, seem to be a general
desire for bicycle lockers on campus. Bicycle lockers are especially relevant for users with
expensive bicycles, these users may want additional protections beyond normal rack parking.
By installing pay by the hour bicycle lockers throughout academic areas, users can protect their
bicycles from theft, vandalism and precipitation while also providing nominal income to the
university that can be re-invested in bicycle parking replacement and maintenance projects.
Using online parking management software, bicycle riders would be able to see the availability
of parking lockers and reserve spaces for their bicycles before they leave home. Lockers should
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not become a predominant parking type on campus, but they should at the very least be
offered. In time, the university should review usage reports on bicycle lockers and make
decisions on whether more are needed or not.

•

Recommendation 3 – Move the highest quality traditional bicycle racks to low use
buildings and discard of poorly maintained racks.

While most of the traditional style bicycle parking racks on campus are in poor shape,
there are some them are in better shape than others. The bicycle parking counts conducted for
this research found that some racks saw extremely limited use, and in some instances saw no
use at all. These low use racks do not warrant immediate replacement due to their low use,
even though many of them are outdated and poorly maintained. As the university replaces
traditional style racks in other regions of the campus, the higher quality traditional style racks
from higher use areas should be repurposed and used as replacements for low quality
traditional style racks in lesser used areas. By repurposing these racks, the university can avoid
having to pay for new racks that will likely be used infrequently, while also improving the
general cycling atmosphere on campus. Low quality traditional style parking racks can be sold
for scrap that can be used to purchase new infrastructure.

•

Recommendation 4 – Add covered parking, where it is possible to do so.

Not every parking area on campus will have the space requirements available to
accommodate covered parking, but where it is possible to do so, campus officials should make
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an effort to install weather protection for bicycle racks. This protection should protect bicycles
from rain, snow and other types of precipitation. It should not only cover the space directly
over the bicycles, but also the westward portion of the parking since wind driven precipitation
normally blows from west to east in southwestern Michigan. Covered bicycling would likely
increase rider comfort, help prevent rack maintenance issues, and encourage more bicycle use
during off-peak travel periods. This change would be in-line with what many other universities
in the country are doing on their campuses to attract new students and increase sustainability
efforts.

At Residential Buildings
•

Recommendation 1 – Replace traditional style parking racks with secured and weather
protected bicycle parking options.

Traditional style bicycle racks are the primary parking option at most residential
buildings on campus. These racks are not suitable for long term residential parking and leave
bicycles prone to theft and damage. It is no surprise that bicycle theft is most densely located
within the residential neighborhoods of Western Michigan University. In order to bring the
university’s bicycle parking in-line with industry recommendations, and alleviate the theft
problem, the university needs to act to replace all of the traditional style racks at residential
buildings with APBP recommended rack infrastructure. In addition, the university must find a
way to secure this new infrastructure either through surveillance or physical fencing. This new
bicycle parking should also be covered to protect not only the rack investment, but also the
parked bicycles. Unlike commuters, who only park their bicycles at campus buildings for hours
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at a time, on-campus students have to park their bicycles at the university for days, weeks and
months. It would wise for the university to keep this in mind in their future planning efforts.

•

Recommendation 2 – Replace wave style bicycle racks with secured options at the
Western View Apartments and provide enhanced security for these new racks.

The wave style bicycle racks at the Western View Apartments, like the traditional style
racks at other campus locations, are not APBP recommended. More bicycle thefts occurred at
this apartment complex than any other between 2014 and 2017. While these racks are newer
then most other racks on campus, and have aesthetic appeal, they are not a suitable long-term
parking option. They are unintuitive in their design, can damage bicycles, and do not allow for
secured parking. These racks should be replaced with a more secure option. Surveillance or
fencing also needs to be installed around these racks to prevent theft of bicycles and the racks
themselves. New racks can be placed at the existing concrete pads since they are in good
condition, and in the vacant landscape area at the edges of the complex.

•

Recommendation 3 – Offer indoor parking options to students if surplus space is
available.

In the event that there is unused space within any existing residence hall, that space
could be converted into an indoor bicycle parking area for students. This cost-effective longterm parking option would provide the weather protection and security that is desperately
needed at residence halls for little additional cost to the university. There are multiple rack
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types that can be installed indoors, but generally wall and ceiling mounted bicycle racks provide
the most optimal usage of space.

At New Construction Projects
•

Recommendation 1 – Include appropriate bicycle parking in new building construction.

All new buildings on campus should include APBP recommended bicycle parking as part
of their design. Academic and service buildings should be equipped with high-quality short-term
racks and lockers, while residential buildings should be provisioned with secure long-term
storage options. Long term options could include a fenced outdoor parking area or a dedicated
indoor space for bicycle parking. By incorporating bicycle parking as part of a building’s overall
design, the appropriate bicycle parking that matches the building both in function and form can
be procured. Where space is limited, including an indoor bicycle parking room might be an
optimal solution in new construction projects.
•

Recommendation 2 – Engage stakeholders about the types of bicycle parking options
that best fit their needs.

As new buildings are constructed, planners and campus officials should make a
concerted effort to reach out to the community stakeholders who are most likely to use the
new building and gauge their preferences about bicycle parking. Buildings that serve mostly
graduate students and faculty, for instance, could possibly need different types of parking
infrastructure than those that primarily serve undergraduate students. By engaging different
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groups of stakeholders, and including them in the planning process, planners will hopefully be
able to identify differences between groups and plan accordingly.
Recommendations for Further Study
This research has established baseline trends for bicycle parking conditioning, theft and
rack usage on campus. It has also gauged a small group of stakeholders to gain their
perspectives. While the results from this research can be used to conduct planning activity,
their biggest limitation is that they only represent a temporal snapshot of campus bicycle
parking. As time progresses, the results from this research may become less and less relevant,
and in time the results may no longer be relevant at all, at least for campus decision making.
The university should continue to monitor bicycle parking so that it can remained informed and
make the best planning decisions possible. The most important step that the university can take
is to distribute its own survey on campus cycling to the university community, to get a large
sample of student and faculty opinions. The survey that was conducted as part of this research,
though good for establishing a base level of understanding, could be made even better if it was
worked into larger university surveying efforts. The university has the resources and capabilities
to reach a wider audience, and it should take steps to do just that.
The university should also take steps to actively monitor theft on campus, through
frequent communication with the Office of Public Safety and by consulting the public crime log.
By understanding where theft is occurring, university officials will be empowered to make
decisions on how to best protect the property of its students and faculty. Future studies of nonbicycle parking related infrastructure such as bicycle lanes and signage should also be
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considered by the university. Parking is only one facet of cycling, and other aspects of cycling
will need to be considered to develop a complete sustainable transportation system for
campus.
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CHAPTER VII
CONCLUSIONS
An examination of campus bicycle parking at Western Michigan University found that
the university’s bicycle parking is currently facing many challenges that need to be addressed. A
bicycle parking conditioning assessment found that 40.8% of bicycle parking racks could be
classified as being in “poor” or “very poor” condition. The majority of racks on campus are nonindustry recommended traditional style parking racks. Results from a rack conditioning
assessment demonstrate that traditional style racks are in the worst physical condition overall,
and do not meet their stated carrying capacities. An additional analysis of theft data, using
agglomerated theft points and kernel density estimation, determined that campus bicycle theft
most commonly occurs at residential areas on campus. Most residential areas make use of nonAPBP approved rack types, and were not provisioned with long term parking in mind. This
creates an unsafe situation for cyclists and their property.
A bicycle parking count of campus conducted over the Fall Semester of 2018 found that
bicycle parking use decreases as the semester progresses. There is evidence to suggest that this
may also be related to the effects of changing weather. Bicycle racks in residential areas saw
higher use rates then most of the campus, and a few residential racks had mean bicycle counts
that exceeded their carrying capacities according to the results of the survey. A questionnaire
of students, faculty and staff yielded some interesting results about bicycle parking perceptions,
but further study by the university should be conducted to reach a wider audience.
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A series of recommendations were made for the university using the results generated
from this research. It my hope that these recommendations will help inform campus planning
decisions over the next decade. There is significant room for improvement when it comes to
bicycle parking at Western Michigan University. I believe that if planners and officials take
action now, that they have the opportunity to create a sustainable transportation system that
will be used by generations of students.
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APPENDIX A
HSIRB Approval and Survey Questions
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Survey Questions for Undergraduate Students
1.) I am a Western Michigan University ___________.
Freshman (1st year)
Sophomore (2nd year)
Junior (3rd year)
Senior (4th year +)
Certificate Student
2.) What is your age range?
18-24
25-40
41-60
61 or greater
3.) Do you use the on-campus bicycle racks to park your bicycle?
Yes
No, I park my bicycle elsewhere
No
4.) On a scale from 1 to 5, with 1 being “very poor” and 5 being “very good”, how would
you rate the physical condition of campus bicycle racks?
1 (Very Poor)

2

3

4

5 (Very Good)

5.) On a scale from 1 to 5, with 1 being “very hard” and 5 being “very easy”, how would
you rate your ease of finding places to park your bicycle on campus?
1 (Very Hard)

2

3

4

5 (Very Easy)
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6.) On a scale from 1 to 5, with 1 being “very worried” and 5 being “not at all worried”,
how worried are you that your bicycle might be damaged, stolen or vandalized while it is
parked at a university bicycle rack?
1 (Very Worried)

2

3

4

5 (Not at all Worried)

7.) Does a lack of covered bicycle parking on WMU’s campus make bicycle riding
uncomfortable for you during snow and rain events?
1 (Very Uncomfortable)

2

3

4

5 (Not at all Uncomfortable)

8.) Do you agree or disagree with this statement: “Western Michigan University does a
satisfactory job of maintaining, securing and updating bicycle parking on campus.”
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

9.) Do you agree or disagree with this statement: “If covered and secured bicycle parking
options were made available at central points throughout WMU’s campus, I would opt to
use them, even if they were not immediately convenient to my destination.”
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

10.) Which would you prefer for bike parking:
Bike rack in front of the building.
Secure fenced bike corral in central location(s) on campus
Covered bike racks in central location(s) on campus
Bike locker in central location on campus - daily rental
Bike locker in central location on campus - rental by term or year
Other (Please List) __________________________________
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11.) What, if anything, would you change about the bicycle parking on WMU’s campus?
___________________________________________________________________________________________
_________________________________________________________________

Survey Questions for Graduate Students, Staff and Faculty
1.) I am a Western Michigan University ___________.
Faculty Member
Staff Member
Graduate Student
2.) What is your age range?
18-24
25-40
41-60
61 or greater
3.) Do you use the on-campus bicycle racks to park your bicycle?
Yes
No, I park my bicycle elsewhere
No
4.) On a scale from 1 to 5, with 1 being “very poor” and 5 being “very good”, how would
you rate the physical condition of campus bicycle racks?
1 (Very Poor)

2

3

4

5 (Very Good)

5.) On a scale from 1 to 5, with 1 being “very hard” and 5 being “very easy”, how would
you rate your ease of finding places to park your bicycle on campus?
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1 (Very Hard)

2

3

4

5 (Very Easy)

6.) On a scale from 1 to 5, with 1 being “very worried” and 5 being “not at all worried”,
how worried are you that your bicycle might be damaged, stolen or vandalized while it is
parked at a university bicycle rack?
1 (Very Worried)

2

3

4

5 (Not at all Worried)

7.) Does a lack of covered bicycle parking on WMU’s campus make bicycle riding
uncomfortable for you during snow and rain events?
1 (Very Uncomfortable)

2

3

4

5 (Not at all Uncomfortable)

8.) Do you agree or disagree with this statement: “Western Michigan University does a
satisfactory job of maintaining, securing and updating bicycle parking on campus.”
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

9.) Do you agree or disagree with this statement: “If covered and secured bicycle parking
options were made available at central points throughout WMU’s campus, I would opt to
use them even if they were not immediately convenient to my destination.”
1 (Strongly Disagree)

2

3

4

5 (Strongly Agree)

10.) If given the option, would you opt to park your bicycle in a secured bicycle locker?
Yes
No
11.) Which would you prefer for bike parking:
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Bike rack in front of the building.
Secure fenced bike corral in central location(s) on campus
Covered bike racks in central location(s) on campus
Bike locker in central location on campus - daily rental
Bike locker in central location on campus - rental by term or year
Other (Please List) __________________________________

12.) Would you be willing to exchange your university parking permit for the opportunity
to have to a secured bicycle locker?
Yes
No
13.) What, if anything, would you change about the bicycle parking on WMU’s campus?
___________________________________________________________________________________________
_________________________________________________________________
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APPENDIX B
Bicycle Rack Inventory
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APPENDIX C
Bicycle Rack Count Multiplots and Proportion Analysis Table
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180
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182

183
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Rack
Mean
Capaci Proporti Halved Traditional
Number
Count
ty
on
Capacity
10601
11.00
15
0.73
10602
9.00
20
0.45
10603
3.73
30
0.12
10604
2.33
30
0.08
10605
5.40
30
0.18
10606
4.93
30
0.16
10607
6.27
25
0.25
10608
6.33
25
0.25
10701
1.67
25
0.07
10702
2.13
15
0.14
10703
3.13
15
0.21
10704
2.87
20
0.14
10705
5.07
25
0.20
10706
5.00
25
0.20
11001
1.93
8
0.24
11002
0.80
6
0.13
11003
1.53
6
0.26
11004
2.53
22
0.12
11005
12.53
30
0.42
11006
7.93
25
0.32
11007
2.60
30
0.09
11008
5.87
20
0.29
11009
3.87
30
0.13
11101
1.60
25
0.06
11102
1.47
25
0.06
11103
3.40
30
0.11
11401
8.87
14
0.63
11501
1.93
2
0.97
11601
2.00
2
1.00
11602
0.00
2
0.00
11603
2.00
2
1.00
11701
0.00
2
0.00
12201
0.00
10
0.00
12601
0.53
8
0.07
12602
0.33
16
0.02
12603
0.60
16
0.04
12604
1.27
30
0.04
12605
1.47
25
0.06
12801
2.60
16
0.16
12802
5.60
16
0.35
12803
6.40
16
0.40
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Adjusted
Proportion
7.5
10
15
15
15
15
12.5
12.5
12.5
7.5
7.5
10
12.5
12.5
8
6
6
22
15
12.5
15
10
15
12.5
12.5
15
14
2
2
2
2
2
5
8
16
16
15
12.5
16
16
16

1.47
0.90
0.25
0.16
0.36
0.33
0.50
0.51
0.13
0.28
0.42
0.29
0.41
0.40
0.24
0.13
0.26
0.12
0.84
0.63
0.17
0.59
0.26
0.13
0.12
0.23
0.63
0.97
1.00
0.00
1.00
0.00
0.00
0.07
0.02
0.04
0.08
0.12
0.16
0.35
0.40

Type
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Hoop
Hoop
Hoop
Hoop
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Hoop
Hoop
Hoop
Hoop
Hoop
Hoop
Trad.
Hoop
Hoop
Hoop
Trad.
Trad.
Hoop
Hoop
Hoop

12804
12805
12806
12807
12808
12809
12901
13401
13801
13802
13803
13804
13805
13901
13902
13903
14001
14002
14003
14004
14005
14006
14007
14101
14102
14103

5.47
8.73
5.13
7.33
6.87
0.20
0.60
0.00
1.73
1.00
0.40
0.80
4.13
0.13
0.93
3.20
3.07
6.47
11.93
2.47
0.19
0.60
0.47
2.13
1.80
0.53

16
16
14
16
14
20
20
12
20
20
15
25
30
10
16
16
12
15
20
20
6
20
30
34
30
32

0.34
0.55
0.37
0.46
0.49
0.01
0.03
0.00
0.09
0.05
0.03
0.03
0.14
0.01
0.06
0.20
0.26
0.43
0.60
0.12
0.03
0.03
0.02
0.06
0.06
0.02

16
16
14
16
14
10
10
12
10
10
7.5
12.5
15
10
16
16
12
7.5
10
10
6
10
15
34
30
32

0.34
0.55
0.37
0.46
0.49
0.02
0.06
0.00
0.17
0.10
0.05
0.06
0.28
0.01
0.06
0.20
0.26
0.86
1.19
0.25
0.03
0.06
0.03
0.06
0.06
0.02

14201
14202
14401
14501
14601
14602
14901
15001
15002
15003
15004
15005
15006
15101
15102
15103

0.60
0.33
0.00
2.60
0.00
0.00
0.06
3.69
0.27
0.00
0.06
1.38
0.31
0.88
1.00
0.63

16
40
10
20
20
20
20
20
6
30
30
20
22
20
25
25

0.04
0.01
0.00
0.13
0.00
0.00
0.00
0.18
0.04
0.00
0.00
0.07
0.01
0.04
0.04
0.03

16
40
5
10
10
10
10
10
6
15
15
10
11
10
12.5
12.5

0.04
0.01
0.00
0.26
0.00
0.00
0.01
0.37
0.04
0.00
0.00
0.14
0.03
0.09
0.08
0.05
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Hoop
Hoop
Hoop
Hoop
Hoop
Trad.
Trad.
Hoop
Trad.
Trad.
Trad.
Trad.
Trad.
Hoop
Hoop
Hoop
Hoop
Trad.
Trad.
Trad.
Hoop
Trad.
Trad.
Hoop
Hoop
Hoop
T
Post
Hoop
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Hoop
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.

15104
15105
15201
15202
15203
15204
15205
15301
15302
15303
15304
15305

0.69
1.94
5.25
6.25
2.56
6.31
5.31
1.31
1.94
2.19
0.88
1.94

20
20
30
20
15
20
30
20
25
20
25
30

0.03
0.10
0.18
0.31
0.17
0.32
0.18
0.07
0.08
0.11
0.04
0.06

10
10
15
10
7.5
10
15
10
12.5
10
12.5
15

0.07
0.19
0.35
0.63
0.34
0.63
0.35
0.13
0.16
0.22
0.07
0.13

16101

1.00

10

0.10

10

0.10

16102

2.94

10

0.29

10

0.29

16104

4.38

10

0.44

10

0.44

16105

4.00

10

0.40

10

0.40

16106
16107
16201
16202
16203
16301
16302
16303
16304
16305
16306
16307
16308
16309
16401
16402
16403
16404
16405
16801
16802
16803
16804

2.00
0.31
1.06
3.56
0.25
0.81
1.81
0.63
1.19
0.19
3.25
4.19
0.00
0.13
5.56
7.56
2.00
5.63
0.19
0.00
0.87
0.27
1.07

10
15
20
30
20
20
30
25
25
30
20
30
20
20
20
20
15
25
25
20
16
16
16

0.20
0.02
0.05
0.12
0.01
0.04
0.06
0.03
0.05
0.01
0.16
0.14
0.00
0.01
0.28
0.38
0.13
0.23
0.01
0.00
0.05
0.02
0.07

10
7.5
10
15
10
10
15
12.5
12.5
15
10
15
10
10
10
10
7.5
12.5
12.5
10
16
16
16

0.20
0.04
0.11
0.24
0.03
0.08
0.12
0.05
0.10
0.01
0.33
0.28
0.00
0.01
0.56
0.76
0.27
0.45
0.02
0.00
0.05
0.02
0.07
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Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
S
Loop
S
Loop
S
Loop
S
Loop
S
Loop
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Trad.
Hoop
Hoop
Hoop

17301

2.13

10

0.21

10

17302

0.25

10

0.03

10

17501

0.19

3

0.06

3

17502
18801
18802
19001

0.44
1.13
6.88
0.00

7
20
20
6

0.06
0.06
0.34
0.00

7
10
10
6
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S
0.21 Loop
S
0.03 Loop
S
0.06 Loop
S
0.06 Loop
0.11 Trad.
0.69 Trad.
0.00 Hoop

APPENDIX D
Survey Responses to Question 11
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Undergraduate Responses
1. n/a
2. More covered parking spots with more security, in case I forget my lock
3. Bicycle racks are old. Please change them out. Would be cool if I could lock with my
horseshoe u lock.
4. Nothing at the moment. It seems fine, but I have not been around very many bicycle racks in
my life. I do worry about criminals stealing my bike since I have seen places where only tires are
left.
5. A rack that allows for the safe locking of both the front wheel and the frame of the bike, as I
have seen too many incidents that were secured by one and the other part was stolen. The fear
of this is and lack of covered parking has been the primary reasons I have stopped biking on/to
campus.
6. More covered bike racks
7. i like the idea of covered bike racks. i also would appreciate if there were more, closer to
actual campus buildings so i don’t have to walk all the way to bernhard when i’m in sangren.
8. Longer racks. It’s not hard in the cold weather to find a spot, but when more people are
riding their bikes sometimes it makes it more difficult.
9. Different rack type; where front wheel is placed in the bike rack. Easy to park (For those who
have bike lock or don't use lock)
10. Safety
11. Building more racks in more convenient locations. At the very least one per building,
preferably more.
12. Nothing
13. No comment
14. more bike parking in general
15. Make it more abundant - have lockers with chargers to charge bike lights
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16. have indoor parking, get rid of the terrible bike racks that don't allow you to lock up your
bike without placing the front wheel over the rack which damages the frame and is easily
knocked over
17. Replace the the old, barely usable bike racks that are outside of every building that make it
impossible to lock your bike unless you park it on the very end.
18. n/a
19. n/a
20. n/a
Graduate Student, Staff and Faculty Responses
1. No big comments. I think bike lanes should take priority over parking. All bike things need
help though truth be honest.
2. I used to ride to school on my bicycle all time. Now I am very much scared to ride because I
see problem of many car ignoring bicycle. Once bicycle is on parking there are many problem of
theft I believe. Police official need to take theft problem top priority.
3. Remove rust from rack
4. Although I appreciate all effort and funding that the university allocates to sustainability, it is
highly clear that none of that funding is allocated to bicycle racks. Racks are old, decrepit, and
poorly cared for. I would lock my bicycle inside my office if it were not for the archaic policies
that prevent such action.
5. I wish wmu would put more effort towards cycling. They keep expanding roadways and car
parking but provide little for cyclists
6. Honestly I don't ever really think about bicycle parking in my day to day life, but now that I
consider it, the racks are much poorer in quality then other places I have worked prior.
7. I like the idea of adding bike lockers but I would not trade my parking pass for it. There are
days where biking is unrealistic, and hence I would need my car to get to school.
8. I bicycle once a week or so during nice weather. I would ride more but I noticed that nobody
maintains the racks during the winter and late fall, they are covered in snow.
9. Its horrible, not to be rude, but I'd change everything. Most of the racks are rusty and missing
pieces, sometimes I park my bike inside the building because there is nowhere secure outside
to park it.
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10. Bicycle parking is old and run down in most places. New bicycle racks should not just be
added because they look nice, they should be added because they are secure and functional.
For instance the weird yellow racks in front of the rec center make no sense. Racks should be
intuitive.
11. We need a simple covered rack that is capable of standing a bike up and using a u-lock to
attach to the bike frame. Using wheel based locks are worthless.
12. The University would better serve cyclists by better maintaining its bicycle infrastructure.
That would be best achieved by replacing old and broken racks that are scattered across
campus. Also, Facilities Management staff should clear snow away from the bike parking
facilities, rather than plowing snow in front of them.
13. I would make it accessible from each building, visually appealing to attract students and
faculty to use and appreciate them, and more secure so I am not worried about my bike all day
long.
14. Safer to protect bikes from being stolen.
15. I do not like how rusty and dilapidated many of the bike parking options are. I don't even
think lockers or fancy parking options are really needed, I think even newer and nicer racks
would be a major improvement
16. Big problem is that there is no covered parking anywhere. Riding a bicycle in winter is alsi
impossible since nobody keeps the racks plowed.
17. Basic upgrades are due, covered parking with security lights are due. Once these upgrades
are in place we are in a good place to apply for BFU.
18. More of them at building entrances
19. Update the racks on campus! U-locks do not work on the current racks on campus. The
taller upside down U shaped racks are sturdier and work better to lock the tire and frame of a
bike. I like the convenience of having racks near my building, so I wouldn't change the location.
As an aside, the safety of riding to campus and on campus is more my concern. We have bike
lanes that abruptly end on Howard street and no easy way to go to east campus.
20. Covered racks, even if inexpensive would be so helpful so that bikes are not ruined by rain
and snow
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